
Fiber Placement Machine and Related Advanced Composite

Equipment Final Technical Report
NASA Contract NAS8-39749

1.0

2.0

Background
NASA contract NAS8-39749 was completed in January 2000. The contract period of

performance covered six (6) years and included basic program technical support as

required by NASA with up to thirty (30) different technical directives identified and

issued by NASA for specific Advanced Composite Technology tasks during the

course of the contract.

Discussion

As suggested by the contract COTR, all monthly reports prepared and submitted

during the course of this contract have been cataloged by year and included herein to

doctiment the activities performed and accomplishments made for each specific task

under this contract. A list of each task follows:

Task

Basic

TD FPM-01

TD FPM-01

TD FPM-03

TD FPM-04

TD FPM-05

TD FPM-06

TD FPM-07

TD FPM-08

TD FPM-09

TD FPM- 10

TD FPM-11

TD FPM-12

TD FPM-13

TD FPM-14

TD FPM-15

TD FPM-16

TD FPM-17

TD FPM-18

TD FPM-19

I TD FPM-20
TD FPM-21

TD FPM-22

Task Description
Fiber Placement Machine

Operations/Maintenance
Ablative Combustion Chambers

(Fastrac)

Assorted Panels

Total Dollars Expended

$919,959

$124,061

$14,765

Hydrogen Tank $23,979
18" C/E Vessels $118,439

Cryogenic Feed Line $118,576

Cryo Shock Test $29,022
$12,393

$12,393
Composite Dome

Honeycomb Specimens

Composite Fabricate Isogrid

Structure

Honeycomb specimens
Full Scale Ablative Chamber

Intertank Structure

Not Issued

Not Issued

Reserved (not used)
Russian debris shield

Cryo dome and stiffeners

Cryotest Pressure Vessels

Honeycomb Test Specimens
Low Profile Dome

Composite Cryotank
Advanced Composite Structure

$49,767

$41,595

$48,578

$191,858

$31,778

$385,846

$24,581

$$1,255

$15,230

$1,350



TD FPM-23

TD FPM-24

TD FPM-25

TD FPM-26

TD FPM-27

TD FPM-28

FPM-29

TD FPM-30

TD FPM-31

TD FPM-32

TD FPM-33

Advanced Ablative Chambers $3,241,468

Composite Impact Specimens

Fabricate Bantum Composite RP
Tank

Fabricate 10K Combustion Chambers

Bonded Joint Test Article

Permeability Testin_

Quasi-Isotropic Panels

Test Specimens

Composite Ducts
X-33 Panels

$8,230

$504,595

$5,599

$31,778

$15,299

$8,714

$47

$44,250

$35,441

Composite Conformal Aerogel $74,292
Insulated Tank

3.0 Conclusion

As slaown by the list of technical directives, a wide range of tasks were initiated and

completed in support of NASA's Research and Technology Development Pro_ams.

From manufacture of test specimens required to support mechanically fastened

composite joint studies to manufacture of 60K Nozzle/Combustion Chambers to

support the X-34 Liquid Engine, Thiokol provided the Engineering and

Manufacturing expertise to complete these tasks in support of NASA. Valuable

Technology has been gained with each task completed under this contract.

Specific information on the work performed, accomplishments made and

recommendations provided following completion of each task; is provided in the

monthly technical progress reports contained herein.
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OPERATION/MAINTENANCE OF THE FIBER PLACEMENT MACHINE

AND OTHER RELATED ADVANCED COMPOSITE EQUIPMENT

MONTHLY TECHNICAL STATUS REPORT

MARCH 1994

1.0 INTRODUCTION

This report summarizes the technical program activities on the Fiber Placement Machine Operations

and Maintenance Project (Contract No. NAS8-30749) for the period of March 1994. This contract

was formalized and officially kicked-off on March 28, 1994. This represents the first tectmicai

report for this contract. The report covers essentially three days of contractual work activity during

March. Subsequent reports will be published and submitted on a monthly basis. The following

paragraphs summarizes the significant accomplishments during the initial work period beginning in

March, discusses recommendations for MSFC consideration, and lists upcoming work to be

performed in April, 1994.

2,0 SUMMARY OF SIGNIFICANT _CCOMPLISHSfENTS

The work accomplished dunng March primarily involved orientation of :he key engineering and

technician personnel with the fiber placement machine (FPM3 operations and preparation of the

machine and support facilities for upcoming work.

The FPM operation software instructions were evaluated and reviewed in detail by engineering and

technician personnel. Engineering also reviewed the FPM maintenance instruction to become

famiJiar with critical machine support r_uirements,

Cincinnati Milacron was contacted to discuss computer and software support requirements. Contact
was made to deterrmne whether FATRAN 3.0 would be compatible with the FPM off-line software

package. PATRAN 3.0 is the latest version of a computer software package created by PDA

Engineering for pre and post-processing of finite element code. [f compatible, PATRAN 3.0 will

be utilized for defining component surtace geometries tor fiber placement windin_ operations.
These surface geomemes must he generated using the model detinition capabilities of PATRAN.

The computer model is then loaded into a Silicon Graphics workstation so that fiber lay-down paths

can be defined. After fiber paths are defined, the actual machine instruction code for the FPM is

generated. The machine instructions are then loaded into the FPM and the desired component can

be fabricated. The FPM off-line software was originally designed to read PATRAN 2.5 neutral

files and I-Deas (computer automated design (CAD) software package) universal files. Cincinnati

Milacron will evaluate and advise Thiokol on the compatibility of the PATRAN 3.0 code. It is

expected that this will not be a problem and that the PATRAN 3.0 code will be usable.

Machine processing operation parameters were reviewed and actual machine operations were

performed to re-familiarize the key personnel with the proper procedures ror machine operations.

A subscale motor exit cone mandrel was loaded into the FPM and 0-degree pliers were laid-down

for machine operation orientation and practice. Four courses of towpreg material was laid-down.

The material system included Hercuies IM-7 graphite towpreg impregnated with Hercuies 8553-40
resin.
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3.0 RECOM_fENDATIONS

Access to a Silicon Graphics computer workstation needs to be established so that models can

be generated for the FPM oft-line software.

A copy of the computer software i-De.as and/or PATRAN is required in order to generate
surface models.

An upgrade to the FPM off-line post-processor software is needed so that the FPM will be able

to cut-on-the-fly.

A software maintenance aereement wtth Cincirmatt Milacron is needed to ensure ,'ethnical

support tbr future software proi_iems.

A creel cooler is required for the F?M so that the towpreg temperature can be kept at 55 deg.

F during machine operations to provtde sufficient tack for tiber lay-down stability tcurrently

the room temperature is held at 65-70 deg. F and the mandrels are heated)•

4.0 UPCOMING WORK TO BE PERFORMED

The tbllowing is a list of upcoming work to be accomplished in April:

Application Work

Activity

Cryogenic tankage Fabricate flat plates for liquid hydrogen permenhility testing and evaiuation

Fabricale cryogenic _ressur_ vessels for testing

Material data base Fabricate fiat panels for mechanical testing using the followine mateta,,is

BdTG- 12k18553-40

Bd7G- 12"k/3501-6

Machine operation Develop database on machine lay-down rate capabilities

capahilitietdparit'r_ters
i

Surface georrmtry modeling D_veto F ea0a_iiity to genc_te surface models

L.l./Pelham

Program Manatzer
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OPERATION/MAINTENANCE OF THE FIBER PLACEMENT MACHINE

AND OTHER RELATED ADVANCED COMPOSITE EQUIPMENT

MONTHLY TECHNICAL STATUS REPORT

APRIL 1994

1.0 INTRODUCTION

This rclmrtsummarizes the teclmicalactivitieson the Fiber Placement Machine Operationsand

Maintenance Project (Contract No. NAS8-39749) for the period of April 1994. The following

summarizes the significant accomplishments during the work period beginmng in April, discusses
recommendations for MSFC consideration, and lists upcoming work to be performed in May 1994.

2.0 SUMMARY OF SIGNIFICANT ACCOMPLISHMENTS

The work accomplished during April primarily involved fabrication of two tlat panels and one

cylinder. A fiber placement machine operating procedure was prepared for review, An RFP was
sent to Cincinnati Milacron for the Software Maintenance Contract. A request for a creel cooler was

submitted for review.

2.1 FABRICATION OF FLAT PANELS

Two 24" x 18 " test panels were fabricated and cure. The panels were 16 plies thick and had the

following layup [90,120,60.150,30,120,60,90]s. "f'his layup was designed to simulate a filament

wound case layup. The panels were made using a Hercules towpreg system IM7G-12K/8553_0.

The two panels were designated A and B. The laydown rates for each of the panels is shown in
Table 1.

Panel

Table 1 i

Flat Panel Laydown Rates ii

Delay Time

(min)

Run Time Total Time

(rain) (rain)
i

A 350 137

B 60 II0

487

175

Prior to the fabrication of panel A, the power in the building failed causing the chiller to go down

and causing the room t_mpemtm_ to rise to 78-79 degrees F. With elevated temperature, the

material was adhering to itself, causing stingers, high tensioner loads, and fiber breakage. When the

chiller was reset and brought back online and the room temperature was brought down to 69F, the
material came off the spools easily and went through the machine fine. During the first ply,

problems were incurred trying to get the material to suck to the tool surface. We reed heating the

tool with a heat gun and spraying some acetone thinned resin on the surface but the material would

not stick. We then applied double stick tape to the surface at the beginning of the 90 de m'ee ply.

This allowed the first ply to be layed down. Tensioner _ 14 kept shutting down and the chucks
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would unchuck. We contacted Cincinnati Milacron aria described the problem. They recommended

that we pull the tensioner, cheek all the electrical connections, and reseat them. This was done and

no further problems with tensioner #14 were encountered. No new problems were encountered.

Panel B was then fabricated with no major problems.

2.2 FABRICATION OF A CYLINDER

A 9.08 inch diameter by 24 inch long cylinder was fabricated using IM7G-12K/8553-40 towpreg

material. The cylinder surface model was designed using PATRAN 3.0 and I-DEAS. Both models

were loaded into the Fiber Placement Offline Programming System (FPOPS) and translated into the

bieabic patches. The PATRAN model had only 4 arc patch segments around the cylinder, the

FPOPS had problems converging a start point Cincinnati Milacron recommended using 12 or more

are segments for the cylinder. The I-DEAS model was used to generate the different machine

programs (89,45,-45, 0). During the running of the 89 degree course, the FPM would stop about 12
inches into the part laydown with an 'Invalid F code" error message. After reviewing the

commands_ we found that post processor had placed an feedrate of 0.0 in the program. The previous

command had a feedrate of 1500 irvmin. We manually modified the prom-am and proceeded. We

transferred the model and input to Cincinnau Milacron to review. Cincinnati Milacron ran our data

on the utxiated software with no problems. No laydown rates or scrap rate data is available at this
time.

2__3 OPERATING PROCEDURE

A fiber placement machine operating procedure was prepared and is being reviewed. This document

was prepare to meet NASA requirement to have operating procedures for all hazardous operations.

A more detail operating procedure will be written later for new operator training.

2.4 SOFTWARE MAINTENANCE CONTRACT

An RFP was sent to Cincinnati Milacron for the Software Maintenance Contract (SMC). The SMC
will allow us to call Cincinnati Milacron when we need consultation in reference to software

problems, it will also give us a one time upgrades to our current FPOPS software. '.-he later version

of the FPOPS software has been reffmed to generate more efficient machine pro m'arns that will

reduce processing time by up to 40%.

2.5 CREEL COOLER

A Request for Purchase for a Creel Cooler is being preparea and will be submitted this month. The

Creel Cooler is required to eliminate the recurring problems we have been having with the room

temperature being too warm for the material and too cold to lay material on the tool surface.

3.0 RECOMMENDATIONS

Provide a dedicated Silicon Graphics computer workstation for I-DEAS ana/or PATRAN and

FPOPS. The current system being uulized is timitea in the avadable memory and hard disk

storage for the FPOPS software.
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A copy of the computer software t-DEAS and/or PATRAN is requued in order to generate
surface models.

Need upgrade to the FPMoff-linepost-processorsoftwareto be able to cut-clamp-refeedon

the fly.

A creel cooler is required for the FPM so that the towgreg temperature can be kept at 55 deg.

F during macl_ne operations to provide sufficient fiber suffness m greatly reduce fiber machine

feed problems. Then the room temperature can be keep at a more reasonable temperature that

will enhance fiber tack, compaction, and lay-down stability (currently the room temperature is

held at 65-70 deg. F and the mandrels are heated).

4.0 UPCOMING WORK TO BE PERFORMED

The following is a list of upcoming work to be accompiishe0 in May:

Application Work

AcUvity

lCmteri_ Database Cylinders F_icme 7.625" x 33.0" cylinders, i_ese cyiinder wtU be tesmd

and _l_r_a to some prevaously wotmd in the fi.laraeaat wanding

Yattm_c dam base Fabricate. fiat panels for meedaamcal tesnng using the following
mamnals

IMTG- 12K/8553-40

IMTG-12K/3501-6

M.ad_e operauon Develop datatutse on maciaine lay-aown rate capabilities

eapabil_/t_ramete.

Surface geometry, modeling Develop capability to generate surface models

Creel Cooler Procure Creel Cooler

Sdtwa_ Support Conu'a_ Finalize Software Support Contract wtth Cincmrmu MiI_ron.

Approved by: "_.S_,_A/

t.,- Program Manager
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OPERATION/MAINTENANCE OF THE FIBER PLACEMENT MACHINE

AND OTHER RELATED ADVANCED COMPOSITE EQUIPMENT

MONTHLY TECHNICAL STATUS REPORT

MAY 1994

1.0 INTRODUCTION

This report summarizes the technical program activities on the Fiber Placement Machine Operations

and Maintenance Project (Contract No. NAS8-39749) for the period of May 1994. The following

paragraphs summarize the significant accomplishments during the work period beginning in May,
discusses recommendations for MSFC consideration, and lists upcoming work to be performed in
June, 1994.

2.0 SUMMARY OF SIGNIFICANT ACCOMPLISHMENTS

The ,_,ork accomplished during May primarily involved removmg a bad disk drive, cunng the

demonstration cylinder, and fabricating three database cylinders. A fiber placement macfllne

operating procedure was completed and signed-off. A software maintenance contract was

established with Cincinnati Milacron. A purchase request for the creel cooler was prepared and

approved. An effort to fabricate eight ablative chambers was added to the contract.

2.1 FPM CONTROLLER DISK DRIVE FAILURE

The FPM A975F controJler has two 65MB hard drives, Drive 0 and Drive 1 ; these drives store all

the machine executive control routines and part programs. Drive 0 began started reporting disk

error by shutting down the machine and reporting a fatal error, it eventually crashed. Before the

drive crashed, atl of the programs on the hard drives were offloaded. Drive 0 was removed and

Drive 1 was reconfimared as Drive O. The new Drive 0 was reformatted and the executive control

routines and the mandatory part programs were reloaded. The hard drive on the FPM is

operational, but we did lose about half of the hard disk space. A request has been submitted to

locate and procure a replacement drive.

2.2 FABRICATION OF A DEMONSTRATION CYLINDER

The 9.08 inch diameter by 24 inch long cylinder was cured on May 3. The cytinder was spiral

wrapped with shrink tape, vacuum bagged, and oven cured. This cylinder was fabricated as a

process verification article tor the ProcesstMaterial Database Cylinders.

2.3 PROCESS/MATERIAL DATABASE CYLINDERS

Three tubes were fabricated and two were cured in May. The tubes were 7.69_5 inches in diameter

and 33 inches long. They were sixteen plies thick and had the following material Iayup:

[[0]_,55.125,[0]-_]s. .-kn IM6/350l-6 towpreg material system was used. The surface model was
generated on [-DEAS in Utah. The laydown rates for the tubes are shown in Table 1 below
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Table i

Database Tube Laydown Rates

Tube No. Delay Time Run Time Total Time i Percent

(rmn) (rain) _rmn) [ Up Time

I 89 t27 216 58.8 %

2 72 45.5 %

74

65

61

t37
i

135 45.2 %

During the fabrication of tube #2. a pneumatic cutter rod broke which took 58 minutes to repair.
This was added to the delay time. If this time was taken out of the processing time. the percent up
time would have been 82.2%.

The fabrication of tube #3 was delayed for a tour group that was tn 4707. It" this delay was taken

out the processing time. the percent up time would be 64.2%.

There were a couple processing tectanlaues that were investigated. Thev include: laying a sm_zie tow

arourld the ends of the first couple or pties to notd down the previous iaver m case the tows had to

be removed: heating up the mandrel to erthance tow tack for the first pty: parking the machine when

fiber is not being processed to stop the tows from sucking to the redirect rollers and stop the restart

roller from breaking the fiber dunng prefeed.

The material usage was calculated for tube #2 and tube #3. The resm bleed was calculated by

subtracting the total material used from the scrap rate and part weight. The material usage is shown
in Table 2.

Tube No. Towpreg
Used

(gmsb

N/A

Table 2

Material Usage

Scrap Matl.

(gins)

Part Weight Resin Bleed

(gms) (gins) Calc.

N/A
l

N/A 1729.4

410.0 1694.6

305.6 1689.6

Scrap Rate

N/A

.'_ "?999....9 125.3 18.4 %

3 2185.7 t90.5 14.0 %

2.4 OPERATING PROCEDURE

The operating procedure for the FPM is complete and fully approved. The operating procedure will

be distributed in June. This document was prepared to meet a MSFC requirement to have operating

procedures for all hazardous operations. A more detailed operating procedure will be written later

for new operator training.

2.5 SOFTWARE MAINTENANCE CONTRACT

The Software Maintenance A,areement ,,vith Cincinnan Milacron _as ne':'ot:ated and is now m effect.

The latest version of the FPOPS software will be s)l_,,_n ./une i0.



TWR-68059

2.6 CREEL COOLER

The Creel Cooler ts in the process of being purchased. Purchase documents are being prepared and

the Creel Cooler should be ordered in early June. The Creel Cooler wt[l take 90 days to fabricate

and deliver from date-of-purchase.

2.7 ABLATIVE CHAMBERS

An effort to develop and fabricate 8 ablative chambers has been added to the contract. The effort

has been planned and the required procurement released.

3.0 RECOMMrENDATIONS

Provide a dedicated Silicon Graphics computer workstation r'or I-DEAS and FPOPS. The

current system being utdized i_ [irruted in the available memory and hard disk storage for the

FPOPS software.

._ copy of I-DEAS software _s neeuecJ to de,.'eion surface models or the part geometry where
a model does not already ex:st.

Training for PATRAN 3.0 is neecied to more efficiently develop surface models for some of

the part geometry. PATRAN 3.0 is being installed on and Silicon Graphics indy which

available in Room 106. Buiiding 4707.

More materials is needed for the database study. Procurement of the following materials is

recommended:

100pounds

100 pound

50 pounds

FIercuies - 1M718552

Hercuies- iM718553-45

Hercuies- AS4/350 I-6
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4.0 UPCOMING WORK TO BE PERFORMED

The following is a list of upcorrung work to be accompiished in June:

Application Work
Activity

Material Database C.vlinders Continue fabrication at" 7.625" x 33.0" cylinders. These cylinders

will be tested and compared to some previously wound in the

filament winding machine.

Ablative Chambers Begin receiving tooling and materials relating to the Ablative

Chamber effort.

Low Cost Mandrel Start work to use the Fiber Placement Machine to fabricate

Development prototype FPIFW mandrels u_ing structural foam.

Material data base Fabricate flat panels for mechanical testing using the lbllowing

matenals:

[M7G- 12K/8553-40

[MTG- 12K/3501-6

-PAT'RAN 3.0 Training Obtain training tar PATRAN 3.0 to develop capaoility to generate

surthee mooeis for part geometry.

FPOPS Evaluation Test new version of Fiber Placement Offline Programming System.

Approved bv: .

-/,/j L.I. Pelham

Program Manager
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OPERATION/MAINTENANCE OF THE FIBER PLACEMENT MACHINE
AND OTHER RELATED ADVANCED COMPOSrrE EQUIPMENT

MONTHLY TECHNICAL STATUS REPORT

JUNE 1994

1.0 INTRODUCTION

This report summarizes the technical program activities on the Fiber Placement Machine

Operations and Maintenance Project (Contract No. NAS8-39749) for the period of June 1994.

The following paragraphs summarize the signiiicant accomplishments during the work period

beginning in June, discusses recommendations for MSFC consideration, and lists upcoming work

to be performed in July 1994.

2.0 SUMMARY OF SIGNIFICANT ACCOMPLISHMENTS

2.1 OFFLINE PROGRAMMING WORKSTATIONS

A new Silicon Graphics workstation was received and installed in Room 106, Building 4707 with

PAT1LAN 3.0 surface modeling software. This workstation will be used to generate surfaces as

input for the Fiber Placement Offline Programming System (FPOPS). The PATRAN software

can be used to read in files from other CAD software packages using the IGES format or

surfaces models can be generated using its own limited tools. Bob Huff received two days of

training on PATRAN 3.0. The class covered the following topics: using the X windows and Motif

systems, fde system management, accessing and importing geometries, graphics manipulation,

display imaging and viewin_ use of lists, use of groups and entities, and neutral file output.

An new Silicon Graphics Indigo 2 workstation was received and installed in Room 126B, Building
4707. The new FPOPS software was loaded on the workstation. This workstation will be used

to generate the machine command codes used bv the Fiber Placement Machine.

22 COMPOSITE OPTICAL BENCH AND SUPPORT BRACKETS

One optics bench was fabricated with Fiberite P75/954-3 on the 7.625" x 39" mandrel. The molds

for the composite bracket were designed and fabricated. The first set of composite brackets were

fabricated using Fiberite M55/954-3. The second set of composite brackets were fabricated using

Hercules IM6/3501-6.

2.3 PROCESS/MATERIAL DATABASE CYLINDERS

Four process studies tubes were fabricated and cured in June. The tubes were 7.625 inches in

diameter and 33 inches long. They were sixteen plies thick and had the following material layup:

[[014,55,125.[012]s. An IM6/3501-6 towpreg material system was used. The lavdown rates for the
tubes are shown in Table 1 below.
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DatabaseTubeLavdownRates
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Tube No. Delay Time

(rain)

Run Time

(rain)

4 37 103

5 108 114

54

55

109

108

Total Time

(rain)

140

222

163

Percent

Up Time

73.6 %

51.4 %

66.9 %

163 66.3 %

Daring the fabrication of tube #5 a significant number of stringers on the spools reduced the

percent up time. Some new processes were tried to improve the laydown rates and aid in tube
removal from the mandrel: 1) Teflon tape was placed at the end of the tube laydown area to

allow for easier removal of excess resin after the cure, 2) double-sided tape was placed on one

end of the tube so that the first ply would stick: excess double-sided tape was removed prior to

cure. and 3) the chutes were cleaned more frequently which reduced the number of tow jams.

The material usage was calculated for all of the tubes. The scrap rate and resin bleed were

calculated by subtracting the total material used from the scrap rate and part weight. The

material usage is shown in Table 2.

Table 2

Material Usage

Tube No. Towpreg
Used

(gins3

Scrap Matl.

(gins)

2223.6

Part Weight

(gms)

431

Resin Bleed

(gins) Calc.

1670.1

Scrap
Rate

4 2070.8 204.2 1696.7 169.9 9.9%

5 2292.3 204" 1650 438.3" 8.8%

6 2094 243.2 1668.1 182.7 11.6%

122.5 19.4%

* Scrap rate may be tow as some of the material may have been thrown away

without being weighed

The scrap rate for tube #7 was high because of a stringer problem during the ply -#8 lavdown.

Ply #8 is a hoop wrap and the fiber broke at the spools during the lavdown. Plv #8 had to be

removed which resulted in the removal of ply #7.

Tubes #4 through #7 had the following bagging arrangement: A sheet of teflon fabric was

placed around the O.D. of the tube. 1" shrink wrap tape was wrapped spirally with 1/2 overlap
from the center to each end. and 2 to 4 layers of 10 ounce breather were laved over the entire

part. The following cure cvcte was used: 280, F for 35 min. 2.5Y F for 1.5 hours. 380' F for 45 mm.

355"F for 3.5 hours..'?he over temperatures holds were used to get the part uo to the hold

temperatures.
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2.4 SOFTWARE ,MAINTENANCE CONTRACT

Theupgrade FPOPS software to Revision 5 was received and checked-out. A bug was found in

the post processor (pproc) portion of the FPOPSR5. The fiber tension was hard coded in at 0.5
lbs. The machine requires the tension to be greater than 1.0 ib to operate. Cincinnati Milacron

was notified and is in the process of removing the problem and updating the software.

2.5 CREEL COOLER

The Creel Cooler has been purchased and should be delivered mid-September.

2.6 LOW-COST FOAM MANDREL TOOLING DEVELOPMENT

A prototype foam mandrel was delivered and cured in the Despatch oven. A model of a

prototype surface was generated in COSMOS/M and the IGES file sent via the Internet to

Silicon Graphics PATRAN (SGPAT) workstation. PATRAN 3.0 was used to develop patches
on the surface for the FPOPS software. A 89 degree hoop path will be used as the cutting path

to trace the part contour. A pneumatic motor with a router bit will be mounted at the tool-point
of the FPM head to cut the foam.

2.7 ABLA, TIVE CHAMBERS TD-01

Materials for the ablative chambers have been ordered and are all received except for the

fiberglass. The mandrel is being fabricated in 4705 bv NAS and should be completed bv the end

of July.

3.0 RECOMMENDATIONS

More materials are needed for the database study. MSFC procurement of the following
materials is recommended:

100 pounds

100 pound

50 pounds

Hercules- IM7/8552

Hercules- IM7/8553-45

Hercutes - AS4/3501-6

Additional spare parts for the FPM are being considered, specifically the need for the

following:

- Compaction rollers (3 ca)

- Restart rollers (one set of 12)

The current compaction rollers are showing signs of wear and may cause operational

problems in the future. The rough surface on the restart rollers is also wearing off which

is resulting in more tow slippage and machine downtime.

I-DEAS training is recommended for Thiokol employees. I-DEAS is currently available on

the Silicon Graphics Crimson in the Computer Graphics room in Building 4707 on a non-
interference basis and will be available on the Silicon Graphics Indigo 2 workstation

(SGVIPER) sometime this vear. In order to efficiently use the I-Deas software package it

is recommended that 2 people be trained. The I-Deas software will be used to generate

solid models of parts (from scratch).
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4.0 UPCOMING WORK TO BE PERFORMED

The following is a list of upcoming work to be accomplished in July:

Application Work

Activi W

Mamrml Databa._ Continue fabncanon of 7.62.5" x 33.0" cylinders. These cylinders

Cylinders will be tested and compared to some previously wound in the

filament winding machine.

Ablativt Chambers Bet, in fabricating ablatiw chamber.

Low Ccmt Mandrel Machine foam in the Fiber Placement Machine to fabricate

De_k_ment prototype FP/FW mandrels using structural foam.

Material Database Fabncam fiat panels for mechanical testing using the following

matenals:

IMTG -12K/8553-40

IM7G-I 2K/3501-6

[-DEAS Training Obtain training for i-DEAS to dcveloo capa0tlity to generate

- sunace moaels for _art geometry.

F'POPS Evatuauon Evaluate fix to new version of the post proc_r part of

FPOPS.

Approved by:
Pelham

Program Manager
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OPERATION/MAINTENANCE OF THE FIBER PLACEMENT MACHINE
AND OTHER RELATED ADVANCED COMPOSITE EQUIPMENT

MONTHLY TF, CHNICAL STATUS REPORT

July 1994

1.0 INTRQDU(_"rIQN

This report summarizes the technicai program activities on the Fiber Placement Machine

Operations and Maintenance Project (Contract No. NAS8-39749) for the period of July 1994.

The following paragraphs summarize the significant accomplishments during the work period

beginning in July, discusses recommendations for MSFC consideration, and lists upcoming work

to be performed in August 1994.

2.0 SUMMARY OF SIGNIFIC._NT AC(_QMPLISHMENTS

Sffpplemental Agreement 2 was fully executed defmiti_ng the efforts in Technical Directives

FPM-02 and FPM-03. This authorized the efforts for the" Development/Fabrication of Assorted

Advanced Composite Parts' and the "Fabrication of Composite Hydrogen Demonstration Tank."

2.1 OFFLINE PROGRAMMING

We have developed the capability to generate models in Microstation/PC and port them to

PATRAN, on the Silicon Graphics. and generate surfaces readable by the Fiber Placement

Offllne Programming System (F'POPS).

A license for SDRC I-DEAS is being purchased and will be installed on the Fiber Placement

Workstation (SGVIPER). I-DEAS will be used to develop solid models of new fiber placement

projects where there are no current models.

22, COMPOSITE OPTICAL BENCH AND SUPPORT BRACKETS

The mold for the composite brackets was modified with a larger radius to eliminate the fiber

bridge seen in the previous brackets. The mandrel for the optical bench is being turned down

0.020" on the diameter to account for the expansion of the aluminum during the cure cycle.

2.3 PROCESS/MATERIAL DATABASE CYLINDERS

One process studies, cylinder 4.808"x46.5", was fabricated to test out the new FPOPSR3 code.

The cylinder had a [7,173,89,9112 layup using IM7/8.553-45 towpreg. The FPOPSR5 software was

hard coded to insert a fiber tension of 0.50 lbs: the machine program had to be manually edited
before it would run on the machine.

The compaction roller was not taped during the part fabrication and worked fairly well. There

were onlv a few times when the towpreg material stucg to the compaction roller.

2.4 SOFTWARE MAINTENANCE CONTRACT



2.5

We are still waiting for the fix to the bug that was found in the post processor (ppro¢_ portion
of the FPOPSRS. The fiber tension was hard coded in at 0.5 lbs. The machine requires the

tension to be greater than i.0 lb to operate. Cincinnati Mi/acron was notified and is in the

process of removing the problem and updating the software.

Maintenance

The Bus OverHead (BOH) board in the FPM controller failed the last week in July. A

replacement board was ordered and will be installed as soon as it arrives. This board controls
the voltage through-out the computer control system.

The hardness of the remaining FPM compaction rollers were measured using a Shore A
Hardness tester. This data will be used to determined what type of rollers should be ordered
as replacements. The results of these measurements are shown in Table 1.

Table 1

Compaction Roller Hardness
Measurements

Roller Description Shore A Hardness

Yellow Roller 69A

Blue Roller 81.0

Orange Roller 73.6

White Roller 64.8

2.6 LOW.COST FOAM MANDREL TOOLING DEVELOPMENT

A pneumatic motor was mounted on the FPM head. The motor is actuated by an air line that

used to be connected to the main cooling air feed line. The other air devices were shut down
by using the dry-run feature on the FPM control. A small cylinder was machined out of a block
of External Tank foam.

A complex shaped foam prototype mandrel will be machined in early August and a part
fabricated on the foam mandrel. This will prove the F'PM's capability, to fabricate low cost foam
mandrels for prototype part development. The ability, to fabricate proto .types parts looks very
promising.

2.7 ABLATIVE CHAMBERS TD-01

Most of the Ablative Chamber materials have been received. The fiberglass for the overwrap

was returned and the correct fiberglass was received. The tape wrap mandrel was delivered and
has been teflon coated. The tape wrapper is being programmed to wrap the ftrst liner.

2.8 A.._SORTED COMPOSITE TAPE LAYED PANELS TD-02

The Cincinnati Mllacron tape layer is being programmed to lay-up the ftrst set of panels.
AS4/3501-6 material will be used for the composite materials kits A3, B3, A4, and B4.

2.9 COMPOSITE HYDROGEN DEMONSTRATION TANK TD..03



The purchase order tor the foam mandrel has been issued. The mandrel should be delivered

August 22. Received drawin_ for stainless steel pole bosses from Start Smeltzer NASA and
ROM cost estimates were received from a local machine shop. The pote bosses will be procured

in August. A shaft drawing for the 37' foam mandrel has been prepared and the mandrel will

15c procured in August.

3.0 RECOMMENDATIONS

• More materials is needed for the database study. Procurement of the following materials
is recommended:

100 pounds

100 pound

50 pounds

Hercules - IM7/8552

Hercules - IM7/8553-45
Hercules - AS4/3501-6

4.0 uPCOMING WORK TO BE PERFORMED

The following is a list of upcoming work to be accomplished in July

Application Work

Acuity

Material Database Continue fabrication of 7.625" x 33.0" cylinders.

C3dinders

Ablative Chambe_ Continue fabricating the Ablative Chambers.

A,lmrted Tape Layed Start fabrication of Material Pruperti¢_ Panels,

Pane_

Compof, ite Hydrogen Recer,'e mandrel and prepare it for contour machining.
Demomaration Tank

Low Cost Mandrel Continue developing foam mandrel machining techniques.
Development Fabricate composite part using foam mandrel.

Material Database Fabricate fiat panels for mechanical testing using the following
material_

IMTG-12K/8553-40

IMTG-12K/3501-6

I-DEAS Training Obtain training for I-DEAS to develop capability to generate

surface models for part geometry.

I_OPS Evaluation Evaluate fix to new vet-Aon of the post processor part of FPOPS

and measure improvements in the laydown rate_

Approved bv: __/"_'7

_S "/ / L.I. Pelham
/ Program Manager



,'- _, ;_.... i,--..Jr'" -

D _O,e'2(IO_ "..... _" " - .= -* :.-_:._,!...... ":*-_ _-.-=? _ !2 .'.asn_f_cT.'2_ -o. ao_..._°'_"

.... _Z,t.=: -

,a,c. - - • "
_ ,- . .

: 1: ....... _'e'.- -£ t-'s =_.r. -'*_ .... :teT .... =" _*'-_ :" _" '.

July 1994 Month!v Technical Progress Report
i4.'TITLE _;D _L:TIT:. ;_. FUNDING NUMBER_
!

July Monthly Technical Progress Report on Operation/ ;
Maintenance of Fiber Placement Machine NAS8-39749

,6. AUTHORfF.)

Larry I., Pelham

, I
i

Thiokol Space Operations

Huntsville Office

6767 Old Madison Pike, NIC- Suite 490

Huntsville, AL 35806

i °" PERFC._,:..;NG ORGA .....".T,_
REPORT NUMBE_, I

, I
TWR-68063 i

i

g. SPONSCK..,£ :,:S;;;TGRi:,._ XG_: :- :MEC_, _t_D ADDRESS(El'

Marshall Space Flight Center

Marshall Space Flight Center, AL 35812

11. SUPPLEi.'._.NTARY NOTE:

' 10. $PC_,;._._KiI_G:M_',:TORING

AGE_. Z'."REPORT .._','BER

i

i

i
! ,,

12a. OiSTRI3UTION, AVA,_,_BILITY 5TAT £ME_T

NASA - See Handbook NI-IB2200.2

13. ABSTg- -" ..._rr: -::_vv.'o.'=.

Report describes technical problems, recommendations, and

next month.

!2b. D':-F_I-=;JT;ON C_,DE

planned work for the

14. SUBJ[ZT T:_...!- I "_5..,_,',,'IBE£ C- ;AGES

Fiber Placement . =;, :: :-'::

17. SECURi- .... $__i.:': :. :,1
OF REPORT

, Unclassified

_SN 7S=O-: :_D-_0:

..... ,.; R;T Y CLASSIF:£ATION

i OF THIS PAGE

Unclassified

. _c " _R:." __,,$Si-iC.ATiON , "" ..IMITAT;g', _FABSTRACT

i SF ABSTRAC" I

t'nclassified I UL
n m

S:anor'rc _'o'--.:;g :_=, 2.-Bg)



TWR -68065

. OPERATION/MAINTENANCE OF THE FIBER PLACEMENT MACHINE

AND OTHER RELATED ADVANCED COMPOSITE EQUIPMENT

MONTHLY TECHNICAL STATUS REPORT

AUGUST 1994

1.0 INTRODU_'I ION

This report summarizes the technical program activities on the Fiber Placement Machine
Operations and Maintenance Project (Contract No. NAS8-39749) for the period of August 1994.

The following paragraphs summarize the significant accomplishments during the work period

beginning in August, discusses recommendations for MSFC consideradom and lists upcoming

work to be performed in September 1994.

2.0 SUMMARY OF SIGNIFICANT ACI_0MPLISHMENTS

A foam mandrel was machined in the Fiber Placement Machine [FPM) and a composite part was

fabricated on the foam mandrel. The Frrst ablative chamber was fabricated on the Tape Wrap

Machine and overwrapped on the Filament Winding Machine.

A trip was taken to Cincinnati Milacron to discuss F'PM technolo_, off-line programming, and

spare partsfor the machine.

2-1 OFFLINE PROGRAMMING

The Fortran compiler was loaded on Silicon Graphics Workstation (SGVIPER) and is now

available for compiling code.

2.2 COMPOSITE OPTICAL BENCH AND SUPPORT BRACKETS

An engineering model optical bench was fabricated with the modified mandrel. In addition,

composite mounting brackets were fabricated.

2.3 PROCESS/MATERIAL DATABASE STUDY

Flat panels for materials testing were layed out and will be programmed and fabricated in
September.

2.4 SOFTWARE MAINTENANCE CONTRACT

The upgrade to the post-processor (pproc) was received and loaded. Initial evaluations indicate

that the problems with the tension setting have been solved.

2.5 MAINTENANCE

The new Bus OverHead (BOH) board in the FPM controller was replaced, but had a bad timer
chip that caused the di#t clock on the control console to run six-times faster that normal. A new

board was received, installed, and checked out.



The FPM controller hard drive failed ann was replaced and reloaded.

A 240 volt/3 amp fuse suppiying power to the control console blew and was replaced.

The restart rollers were grit blasted and recoated by Rocketdyne with a flame sprayed nickel

coating. The nickel coating bond to the steel appears to be holding but we are concerned that
nickel is not hard enough to last very. long.

2.6 LOW-COST FOAM MANDREL TOOLING DEVELOPMENT

The FPM was used to machine a foam mandrel _d fabricate a part on that mandrel. The

machining of the foam mandrel accomplished by programming the machine in a circumferential
(hoop) wrap mode. The graphite/epoxy layed down on the foam mandrel with no significant

problems. The mandrel cracked along the knit line in the foam and deformed during cure. It
is assumed that the wood inter-structure expanded and caused the foam to move. If the mandrel

can be fixed, another part will be fabricated.

2.7 ABLATIVE CHAMBERS TD-O1

The first ablative chamber was tape wrapped with silica/phenolic and autoclaved cured. The
chamber was then overwrapped with elms/epoxy and oven cured. F'mal machining and assembly
will be done when a canister is available. Problems with the tape wrapper control system have

stopped the effort to fabricate further parts.

2.8 ASSORTED COMPOSITE TAPE LAYED PANELS TD-02

The Cincinnati Milacron tape layer was used to lay-up the first set of panels. AS4/3501-6
material was used for the composite materials kits A3, B3, A4, and B4. The kits divided then

2.9 COMPOSITE HYDROGEN DEMONSTRATION TANK TD-03

Three 5.75" bottles were fabricated to determine the integrity of the pole boss to composite

bondliae. The results of the testing have shown that a tough adhesive is required at the bondline
to withstand the cryogenic temperature cycling. The pole boss purchase was put on hold until
the pole boss des'tgn is finalized. The 37-inch foam mandrel was shipped from General Plastics
on August 26th and should arrive in early September. The mandrel shaft was delivered and
teflon coated.

3.0 RECOMMENDATIONS

A copy of I-Deas software is needed to generate solid models for projects where part models do
not exist.

An overwrapping tool is required to lay down shrink tape and/or peel ply on the parts prior to
debnik or cure. The tool will provide an accurate method of laying down an overwrap and save

operator time. The cost to purchase a custom built wrapper is approximately $9.8k.

4.0 UPCOMING WORK TO BE PERFORMED

The following is a list of upcoming work to be accompiished in Julv:



Applicanon

Material Databa.sc Study

Ablama_ Chamber_

A._sonccl Tape Laycd

Panels

Composite Hydrogen

Demonstration Tank

Work

Activity

Fabricatmn fiat mechanical test panels.

Continue fabricating the Ablative ChamOers.

Start fabrication of Material Properties PaneLs.

Reocxvc mandrel and prepare it for contour mzcmning

Low Cost Mandrel Continue developing foam mandrel machining technique..:.

Development Fabricate compczite part using foam mandrel

I-DEAS Training Obtain training for I-DEAS to develop capability to generate

sur[ace models for pan geometry..

FPOPS Evaluation Continue evaluation of new features of FPOPS an0 measure

improvements in the layOown rates.
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OFERATION/MAINTENANCE OF THE FIBER PLACEMENT MACHINE
AND OTHER RELATED ADVANCED COMPOSITE EQUIPMENT

MONTflLY TECHNICAL STATUS REPORT

SEFIEMBER 1994

1.0 INTRODUCTION

This report summarizes the technical program activities on the Fiber Placement Machine

Operations and Maintenance Project (Contract No. NAS8-39749) for the period of September

1994. Tlm following paragraphs summarize the significant accomplishments during the work

period beginning inSeptember, discussesrecommendations for MSFC consideration,and lists

upcoming work to be performed inOctober 1994.

2.0 SUMMARY QF SIGNIFICANT ACCOMPLI_;HMENT_

On September 30, 1994, the contract was modified to exercise the GF'Y 95 option, extending the

contract period of performance through September 30, 1995. In addition, the Technical Directive
FFM-02 effortswere revisedand TechnicalDirectivesFPM-04 and FPM-05 were authorized.

Accordingly,Thiokol has contractualdirectionto proceed with the "Fabricationof 18-1nch

Diameter Carbon/Epoxy Advanced Composite Pressure VesseLs" and the "Fabrication of

Composite Components and Assembly of Feedline".

2.1 OFFLINE PROGRAMMING

Developed interactivemenu system usingPATRAN Control Language (PCL) to automate the

generationof similarsurfaces(changes due to materialbuild-up).

2.2 PROCESS/MATERIAL DATABASE STUDY

Thirteen of the fourteen flat panels were fabricated in September. Per NASA instruction the

SBS/CTE panels were fabricated using 32 plies. Table 1 shows the panels that were fabricated.

The C'rE laminate using IM6/3501-6 material should be fabricated on October 3. 1994.

Table 1

Flat Panels for Material Database Study

Teas. Uni -6 IM6/3501-6 14"x12" 8 [0h

Teas. Uni-3 IM6/954-3 14"x12" 8 [Oh

Comp. Uni-6 IM6/3501-6 8"x7" I6 [0116

Comp. Uni-3 IM6/954-3 3"x7" 16 [0h6

Ctx:_91y 3501-6 1M6/3501-6 22"x22" '_6 _: 45116

I
Crosspiy 954--3 IM6t954--3 _ 22"x22" 16 _45b_ 6

P



CI'E/SBS)SOt-6

Teat.Lain-6 IM6/3501-6 14"x12"

Teas.Lain-3 IM6/954-3 14"x12"

Comp.Lain-6 IM6/3501-6 8"x7"

CTEISBS 954-3 IM6/3501-6 S'xT" 32 [0b2

1M6/954-3 8"x7" {0h23"

16

16

16 {o,,,55,125.0zl_
ii

Comp. Lain -3 IM6/954-3 8"x7" 16 [0t-55,125.02]s

Lain -3 IM6/954-3 32$'x7" [o4_5a2s.o,,,12s.ssA,k

2.3 SOFTWARE MAINTENANCE CONTRACT

A new software maintenance a_eement is being established for GFY95. This should be in place
in October.

2.4 CREEL COOLER

EngineeringEnvironments Inc.tEEI_ completed and deliveredthe Creel Cooler. Ithad been

paintedthe color of the GE Fiber Placement Machines (ClintonTeal) and was not Thiokol

Machine green, Itisinthe processof being_rcpaintcd and should be installedand operational
the firstweek of October.

2.$ FPX MAINTENANCE

No significantproblems were reportedor machine repairneeded thismonth.

2.6 ABLATIVE CHAMBERS TD-OI

The tape wrapper was repairedand the second chamber willbe fabricatedthe Firstweek of

October. The work on the firstchamber has stopped, as we are waiting for a canisterto be
deliveredso we can refurbishitand bond in the chamber.

2.7 ASSORTED COMPOSITE TAPE LAYED PANELS TD-02

No significant activity to report.

2.8 COMPOSITE HYDROGEN DEMONSTRATION TANK TD-03

The foam mandrel arrived the farst week of September from General Plastics.

MSFC's Stan Smeltzcr and Seth Lawson are investigating adhesives to be use as a cryogenic shear

ply between the stainless steel pole boss and the graphite epoxy pressure vessel. H.vsol urethane

material (Uralite 3140-42) was chosen for the first set of tests. A test specimen was prepared bv

bonding the urethane to a flat specimen of 8551-7 with a 300F cure. A 5.75" bottle was

fabricated using the urethane as a shear ply between the pole bosses and the composite this
bottle will be cryogenically tested in October.

3.0 RECOMMENDATIONS

A copy of I-Deas software is neeaed to generate solid models for projects where part models do



not exist.

4.0 UPCQMING WORK TO BE PERFORMED

The foUowing is a list of upcoming work to be accomplished in October:

Application

Material Database Study

Ablative Chamben -
'ID01

A_orted Tape Layed
Pane_ - TD02

Comlxmt¢ H_n
Dcmmmt_tion Tank -
TD_

Work _4ctivi_.

Finish fabrication and cure fiat mechanical test panels.

Continue fabricating the Ablative Chambers.

Pxocur¢ fabric for Material Propert|e.5 PaneLs.

Evaluate cryogemc shear ply materials and develop a
sutncale test plan.

18" x 20" Pressure Ve_ets Procure material and tooiingr Start fabricauon sand
- TD04 mandrels.

LH 2 FeedIAne - TDQ5 Procure matenat and tooling. Start fabrication of te_t
article.

He_-u/es Bend Tube Fabricate 5_5" I.D. tube for Hercules Ae_vace
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OPERATION/MA/NTENANCE OF THE FIBER PLACEMENT MACHINE

AND OTHER RELATED ADVANCED COMPOSITE EQUIPMENT

MONTHLY TECHNICAL STATUS REPORT

OCTOBER 1994

1,0 INTRODUCTION

This report summarizes the technical program activities on the Fiber Placement Machine Operations

and MaimenanceFroject (Contract No. NAS8-39749) for the period of October i994. The following

paragraphs mmm]anze the significant accomplishments during the work period beginning in October,
recommendations for MSFC consideration, and lists upcoming work to be performed in

November 1994.

SUMMARY OF SIGNIFICANT ACCOMPLISHMENTS

LESSONS LEARNED

Al_ough not contractually covered by the subject contract, the Hercules Bend Cylinder uses the

Fiber Placement Machine and the same labor resources, thereby having direct impact on the efforts
under contract NAS8-39749.

The project started October 14. Plies 1-88 were laved down during October with three autoclave

debulks. Tlmre will be a total of 452 plies when the part is complete. It is estimated that the part

will be completed mid-December. Many lessons have been learned as a result of performing ti_
project. First, the compaction rollers and main compaction pressure play an important part in tow

gapping and overlapping. We have reduced the number of tows we laydown from eight to four to

reduce the t_ to overlap due to wide tow (greater than 0.125). Second, the use of heat

debulks and autoclave debulks smoothes out many anomalies that may form during fabrication.

Third, fiber-fuzz began to form in the creel cooler and along the fiber path. This needs to be

cleared off or fuzz-balls could get m the part and create bumps. Fourth, by starting the laydown

slower we do not get as many tow twists.

To meet the Hereuies specifications, we had to improve our techniques for placing plies. The

experience gamed from fabricating this part will improve our fiber placement knowledge and provide

a greater number of trained operators.

2.2 PROCESS/MATERIAL DATABASE STUDY

Completed the last panel (CTE laminate using LM6/3501-6 material_ for the material database study
on OctObeT 3.

Table 1

Flat Panels for Material Database Study

P_ Name Martial

CTE Lain -3 LM6/3501-6 _'x7"

No piles

32

Ply layup

[0,,55.125.0,,12-¢.-¢5.0,],
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2.3 SOFTWARE MAINTENANCE CONTRACT

An extended softwaremaintenancecontractwith CincinnatiMilacron has been established.This

agreement willprovide coveragethroughSeptember 30. 1995, atwhich time CincinnatiMilacron

willno longersupportFPOPS (FiberPlacementOff-lineProgramming System). They would like

us toupgrade totheirnew softwareACES (Automated Composite Environment System).

2.4 CREEL COOLER

The Creel Cooler was repamted to match the madaine and installed with minor modifications to the

machine and creel cooler. A condensauon pump was added to assist in the removal of water from

the air conditioning unit.

2.5 FIX MAINTENANCE

During the fabrication of the Hercules Bend Cylinder. the I-Axis controller amplifier board failed.

A rebuilt board was ordered and delivered over-mght. We installed the board, checked out machine

functions,and fabricationresumed.

2.6 ABLATIVE CHAAIBERS TD-01

LiquidEngine Combustion Chambers cCC) #001 aria#002 have had thesiiicalinertape wrapped

and cured; the "over-wrap" of fiber glass/epoxy has been completed on these t)illets.

CC Billet #001 has been partially machined. The t-real machining to fit the "camster" (homing for

test-stand and injector assembly) will be completed when the canister is delivered to Thiokol for
rcfm'bishment and installation of liner #001.

2.7 ASSORTED COMPOSITE TAPE LAYED PANELS TD-02

Initiated procurement tabbing materials to bond to test specimens.

2.8 COMPOSITE HYDROGEN DEMONSTRATION TANK TD-03

Provided drawings of the 5.9" x 12" pressure vessel mandrel to Stan Smeltzcr (ED52L He is trying

to design a leak-proof cryogenic polar boss to composite interface. Mr. Smeltzer is rewriting the

test plan to include fabrication of three additional 5.9" x 12" pressure vessels to check-out a newly-

designedpolarboss seal.

3.0 RECOMMENDATIONS

It is recommended that a tension overwrapper (similar to the Hercules's overwrapper_ be ourehased

or designed and fabricated for the FPM to wrap shrink/release tape on parts being fabricated. This

would provide for the automation of a process that is currently performed by hand.



4.0 UPCOMING WORK TO BE PERFORMED

The following is a list of upcoming work to be accomplished in November:

i

Work Activity

Maa_'i_ Database Study _ samptes for testing

Abhv_ve Cham_ - Continue fabricating the Ablative Chambers.
TDOI

_d Tal_ Laycd Procure tabbing mamtials for Maw.hal Pto_..mes Panels.
Pancts - TD02

Compose Hydrogen Fabricated 5.9"x12" pressure vessels with new polar boss
Dcmonseam_nTank- seal

TD03

18" x 20" Pte_utc Ve_cls Receive maumais and tooling. Start fabricaaon sand
- TD04 mandrels.

LH, FeedLiae - T'D05 Receive materials ana tooling, Start fabrication of test
attzcle.

Het_al_ Bend Tube Fab_icaxc5,5" I.D. tube for Hercules Acraslaac¢

TWR-68069

A ,rovedby"

Program Manager
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. OPERATION/MAINTENANCE OF THE FIBER PLACEMENT MACHINE
AND OTHER RELATED ADVANCED COMPOSITE EQUIPMENT

MONTHLY TECHNICAL STATUS REPORT

NOVEMBER/DECEMBER 1994

1.0 INTRQD_rlQN

This report summarizes the technical program activities on the Fiber Placement Machine
Operations and Maintenance Project (Contract No. NAS8-39749) for November and December
1994. The following paragraphs summarize the significant accomplishments during the work
period beginning in November, discusses recommendations for MSFC consideration, and lists

upcoming work to be performed in January. 1995.

2.0 SUMMARY OF SIGNIFICANT ACCOMPLISHMENTS

Received Technical Directives FPM-06 and FPM-07 for the Fabrication of Composite Bottle

Cryogenic Shock Test and Fabrication of LH 2 Tank Domes. Proposals are being prepared for
both and will be submitted during January. 1995.

2.1 MACHINE OPERATIONS

Because the FPM was heavily used during this period some new problems developed. First, the
Z-axis cable carrier system developed multiply fatigue cracks on stainless carrier sheet. One of
the cable brackets was removed to reduce the possibility of further damage. The complete Z-axis
cable carrier system or just the stainless carrier sheet will need to be replaced in the near future.
Second, the roller bearings supporting the restart roller shaft had to be replaced. Third, an air
cooling port was added to the new chute to lower its temperature during operation in an attempt
to eliminate the tendency of the resin for building up in the chute. Fourth, the park and prep
button intermittently began to lockout forcing the operators to manually park and prep the
machine or power down and reboot the controller. Cincinnati Milacron suggested we perform
a complete system software reload and see if that eliminates the problem.

2.2 SOFTWARE MAINTENANCE CONTRACT

Cincinnati Milacron suggested that we upgrade to their new software ACES (Automated
Composite Environment System). Realizing we can't afford the purchase price of $500K. they are
investigating an option of setting us up as a beta test site for ACES. This would be covered
under a new software maintenance contract whose value would increase to about $40K. If we

do accept this option, it would require the CATIA CAD for surface generation. Presently CM
doesn't have any plans to develop another interface.

2.3 TD FPM-01, ABLATIVE COMBUSTION CHAMBERS

Received request to design and fabricate an I.D. measurement tool. Preliminary estimate showed
that this will impact the pro_am by a reduction of approximately one liner.

Combustion Chamber Liner #01 has been installed in Canister #1 and had instrumentation hole

machined.
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Combustion Chamber Liner#02 has been finalmachined and isready tobe installedinCanister

#2 afterthe AeroJct Liner can bc removed.

Combustion Chamber Liner #03 was fabricatedand has been machined and isready to be

removed from the mandrel.

2.4 TD FPM-02, ASSORTED COMPOSITE TAPE LAYED PANELS

Received tabbing materials for the A3, B3, A4, and B4 test specimens. Released work action

request to machine and bond tabs to specimens. Test spedmens should be completed the first

week of February. Proceeding with action to procure material for shield support panels.

2.5 TD FPM-03, COMPOSITE HYDROGEN DEMONSTRATION TANK

Waiting for results of 5.9_x12" pressure vessels cyro shock tests (TD06) before proceeding with

polar boss design and 37" bottle fabrication.

2.6 TD FPM-04, 18" X 20" PRESSURE VESSELS

Received tooling and materials for all 25 pressure vessels. During the fabrication of the Rrst sand

mandrel we experienced problems successfiflly removing the mandrel from the mold. Presently,

Frank Ledbctter is investigating an alternate cure that will enable use to remove the mandrel

from the mold successfully.

2.7 'I'D FPM-0$, LH2 FEEDLINE COMPONENTS

Received tooting and materials for all test arddc components. Fabricated and bonded all

components to complete the three (3) test articles. Leak testing will be preformed at MSFC this

month. Fabrication of flight articles will begin in Januarv.

3.0 RECOMMENDATIONS

It is recommended that Z-axis cable carrier be replaced, the CCR be rebuilt by Cincinnati

Milacron, the MCL be reloaded (controller softwareL and a spare fiber guide chute be
fabricated. These recommendations wil/be discussed in detail with the COTR during January.

1995 and appropriate actions will be taken.
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4.0 UPCOMING WORK TO BE PERFORMED

The following is a list of upcoming work to be accomplished in January.

i Application Work Activity

Material Database Study Prep samples for testing

Ablative Chambers - "ID01 Continue fabricating the Ablative Chambers.

_rted Tape Layed PaneLs - TD02 Pnxure tabbing materiaLs [or Material Properties PaneLs.

Order fabric for paneLs

C._t¢ Hydrogen Demonstration Tank - TD03 Fabricated 5.9"x12" pressure vessels with new polar bo_

18" r 20" Pressure Vessels. TD04 Dotermined cure method and start fabrication ,sand

msndreLs.

LI-[2 FeedLine - "I'DOS Start fabrication of flight article.

Approved by:.
L.I. Pelham

Program Manager
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OPERATION/MAINTENANCE OF THE FIBER PLACEMENT MACHINE
AND OTHER RELATED ADVANCED COMPOSITE EQUIPMENT

MONTHLY TECHNICAL STATUS REPORT

JANUARY 1995

1.o INTRODUCTION

This report summarizes the technical program activities on the Fiber Placement Machine

Operations and Maintenance Project (Contract No. NAS8-39749) for January 1995. The
following paragraphs summarize the significant accomplishments during the work period

beginning in January, discusses recommendations for MSFC consideration, and lists upcoming

work to be performed in February 1995.

2.0 SI,IMMARY OF SIGNIFIC._Fr ACCOMPLISHMENTS

2.1 MACHINE OPERATIONS

Two methods of repairing the Z-axis cable carrier are being investigated. The fast option is to

have Cincinnati Milacron replace the fatigued and failing component with upgraded new parts.

The second is to completely replace the Z-axis cable carrier with a heavy duty plastic cable

carrier. These options will be discussed in detail with the COTR during February 1995 and

appropriate action taken. The cut clamp restart was prepared for shipment to Cincinnati

Milacron and no cost quote for rebuild was requested. Upon receipt of the quote, the COTR

will be informed and appropriate action taken.

2.2 TD FPM-01, ABLATIVE COMBUSTION CHAMBERS

Thiokol's Combustion Chamber (CC) Liner Billet #01 has been installed at the test stand. We

are waiting for the delivery, of additional O-rings from the test stand for the Liner-to-Canister

seal so that CC Liner Billet #02 can be bonded in and returned for testing. The CC Liner Billet

#03 was machined to OD and length. We received the Liquid Engine Canister from test stand

with Aerojet Liner # 03. The Liquid Engine CC Canister from Aerojet was disassembled, the
Liner removed and the CC Canister was then refurbished and cleaned. The CC Liner Billet #04

was fabricated and autoclave cured. The Fiberglass/Epoxy over-wrapp was wound and cured on

the billet. The billet was machined to OD and length. Upon completion of the CO 2 vent system

is completed or' the Tape Wrap Machine. we will tape wrap the CC Liner Billet #05.

Drawings of CC Liner measuring fixture were prepared and fabrication of CC Liner measuring

fixture was completed.

The Propulsion Lab indicated that they anticipated a three-week slip in their test schedule.
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2.3 TD FPM-02, ASSORTED COMPOSITE TAPE LAYED PANELS

A paper was prepared that reviews the bonding of tab materials to composite specimens. Two

adhesive systems were identified for bonding tab materials to the specimens. The first method

involves mixing an epoxy adhesive and spreading a thin layer over the tab and composite and

placing the system in a damp. The second method involves placing a fiber #ass film adhesive

on both the tab and composite surfaces. The system is placed in a clamp and cured in an oven
at 250_F. The fdm adhesive will minimize the flow of the resin out of the bondline and the fabric

will also create a constant thickness bondhne.

Drawings of the specimen layout on the fiat panels were prepared. The requested specimen

dimensions were checked against ASTM standard sizes and some anomalies were found. Changes

were made to the specimen dimensions and use of tabs per NASA direction. Prepreg fabric

from Hercules was identified for the Type I and Type II panels and is on order.

2.4 TD FPM-03, COMPOSITE HYDROGEN DEMONSTRATION TANK

2.5

The 37" tank is still on hold tmtfl a pole boss concept is developed.

TD FPM-04, 18" X 20" PRESSURE VESSELS

Waiting for r_uits of Frank Ledbetter's cure studv before proceeding with the fabrication of
mandrek.

2.6 TD FPM-05, LH2 FEEDLINE COMPONENTS

The remaining 9(Y'elbows have been fabricated,cured and machined. This includesthe 90_

elbow prototype and flightarticles.The 4_ elbows have allbeen layed up but have not been

finalmachined. Three flangeswcrc produced during January with one flangeremaining. The

thirdsplicegroup needs to bc fabricated.

NASA requested the production of a substantially highcr number of composite feedline

components than the original statement of work had outlined. ._dong with the additional
production requirements.

MSFC requested thatwc purchase an "alignmentfmure for the feedlineassembly. Wc have

submitted a CPFF proposalfor the additionaJwork.

3.0 RE{_OMMENDATIONS

Itisrecommended thatthe PATRAN contractbe renewed. The renewal priceisapproximately

$6(}(}0and isdue in May 1995.Majid Babai (NASA) purchased the firstyear contract. This

softwareisrequired to generatesurfacesto program the fiberplacement machine. Without it,

we willnot have the capability,to generate new machine programs. This willbc discussedin

detailwith the COTR duringFebruary 1995 and appropriateactiontaken.
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4.0 UP(;OMINQ WQRK TO BE PERFORMED

The following is a list of upcoming work to be accomplished in February.

i,

Table 1

Priority

High

M_

TD

FPM-O1

FPM-02

Appficadon

Ablatis_Chambers

Asm_ed Panels

Work Activity.

C._lmue fabricating ab.iativ= cmuabers

Fabricate spe_n_ns from paaets already nude.
Layup and cure Type I and Type [I spectmem

Low
i

FPM-O3 Hydrogen Tank
w

18"C/E v,.,_-ls

On Hold

Meal FPM.4)4 Fabn,-,te sand manda:ts and start winding

High FPM.4]5 Cryogemc Feed Line F'mish fabricating comtx_te feedline_
_enm. Order Alignment F_'_'e.

Low FPM-06 Crvo shockTest On Hold

High FPM-07 CompositeDome Hand-lay_pcomposltedomes forMcDonm_

Dous_
=,

FPM-0S

FPM-09

FPM-10

H_mb Specimens (Intertank)

Fabr_m Ir,oSnd

H_b SpeQmens (CDDF)

Inmmmk structure

Submit CPFF pmpmaL fabr_ace panels ,act
auemble test speamem.

,,submitOFF propoat,s_ c_m_-m_

Wait for TD

Low

NoQe FPM-12

Aoarovea _

/ / LL Pelham/ Program Manager
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- OPERATION/MAINTENANCE OF THE FIBER PLACEMENT MACHINE
AND OTHER RELATED ADVANCED COMPOSITE EQUIPMENT

MONTHLY TECHNICAL STATUS REPORT

FEBRUARY 1995

1.0 INTRODUCTION

This report summarizes the technical program activities on the Fiber Placement Machine

Operations and Maintenance Project (Contract No. NAS8-39749) for February 1995. The

following paragraphs summarize the significant accomplishments during the work period

beginning in Feb_., discusses recommendations for MSFC consideration, and lists upcoming

work to be performed in March 1995.

2.1} SUMMARY OF SIGNIFICANT ACCOMPLISHMENTS

2.1 MACHINE OPERATIONS

2.2

Two new compaction rollerswith a teflonbonded outer surfacewere receivedfrom Cincinnati

Milacron (CM). The rollershad two differenthardness values,30 and 40 durometer rating.The

Cut-Clamp-Restart(CCR) mechanism forthe FPM head isstillatCM waitingforauthorization

toproceed the repairs.Talks continuedwith CM and othervendors for a repair/replacement

electricalcablecarriersystem forthe Z-axis.Information and pricingforCIVIYs ACEs soft'ware

and Dassaulfs CATIA softwarehave been requested. These items willbe discussedin detail

with the COTR duringMarch 1995 and appropriateactionswillbe taken.

TD FPM-01, ABLATIVE COMBUSTION CHAMBERS

Propulsion Lab delivered Liner #1 to 4707 to have the injector cuts on the inside surface of the

liner patched with a high temperature epoxy. The Liner #5 was tapewrapped, bagged, and cured.

The Liner is ready to be fiber_ass/epoxy overwrapped.

2.3 TD FPM-02, ASSORTED COMPOSITE TAPE LAYED PANELS

The Hercules fabric prepreg material, AG370-8H/8852, was received February 21. The prepreg

fabric, 49 pounds, was to be used to fabricate the Type I and Type II debris panels. Practice

specimens were prepared from an old composite panel to test the bonding techniques used for

the tab to composite bondline. Three specimens were fabricated and pulled using the Instron

test machine in 4707. All the tab specimens broke in the tab region which indicated a poor

bonding technique. The techniques used were evaluated and changes made. Recommendations

to are: The composite material should not be sanded prior to bonding (the tab material should

have the gloss removed); the specimens are not to be machined after the bondline has been

cured; and a uniform pressure damping mechanism/system should be used during the cure. To

reduce the bonding time. Hysol recommended a rapid cure of the EA9394 adhesive at 150' F for

one hour. Detailed specimen layout drawings were prepared and will be used for machining the

assorted panels.



2.4 TD FPM-03, COMPOSITE HYDROGEN DEMONSTRATION TANK

Thelarge 37" tank is still on hold until a pole boss concept is developed.

2.5 TD FPM-04, 18" X 20" PRESSURE VESSELS

No activity. Waiting for resttlts of Frank Ledbetter's cure study before proceeding with the
fabrication of the mandrels.

2.6 "I'DFPM-0$, LH2 FEEDLINE COMPONENTS

An additional silicone flange cover and a 45' elbow silicone mandrel were cast and cured. The
remaining 45' composite elbows were layed up, cured, and are awaiting machining. The first 45'
elbow was polished and presented to NASA. An additional straight tube was layed up, cured,
machined, and delivered to MSFC personnel for NDF_.. The alignment fire,re for the composite
feedline assembly was ordered from B-K Manufacturing. The requested delivery, date is March
17th The last splice group was fabricated and cured and is awaiting machining. The f'mai flange
has been layed up and vacuum bagged for an autoclave cure.

2.7 LH2 Tank Domes

BTA was placed on the inside of the aluminum dome tool to allow for the installation of an
internal vacuum bag that will eliminate the leak paths through the welds in the tool. The first
composite dome was fabricated, cured, and delivered. NASA/McDonnell Dougias was pleas_
with the quality of first dome. The second dome was layed-up and placed in the freezer to wait
for further instructions concerning the layup of the build-up ring.

3.0 RECOMMENDATIONS

Renewal of the PATRAN contract is crucial to the continued operation of the FPM. Without
a surface development package, complex parts or cylinders can not be fabricated. The renewal
price is $6800 and is due on May 1, 1995.

Tape Placement Machine software should be moved from the VAX to the SGI. This ,viii provide

a uniform platform for code development for both machines.

These items will be discussed in detail with the COTR during March 1995 and appropriate
actions will be taken.



4.0 UPCOMINQ WORK.TO BE PERFORMED

The following is a list of upcoming work to be accomplished in March.

r

Table 1

Priority. TD Application Work Activity.
i

High FPM-O1 Ablative Chambers Continue fabricating ablative chambers

Meal FPM-02 Asmrted Panels Fabricate specimens from panels already made,

FPM-03 Hydrogen Tank On Hold

Med FPM-04 18"C/E Vessels

High FPM-05 Cryogenic Feed Line

Low FPM-06 Ct_ shock Test

High FPM.4T/ Composite Dome

High FPM-08 Hon .eytomb St3ec_mens l lntertanK_

Low FPM-09 Isogrid Cylinder

Low FPM-IO Honeycomb Spe,_mens (CDDF)

Low FPM-11 FullScale Ablative Chamber

FPM-12
p

Low lnt_rtank structure

Fabricate sand mandrels and start winding
i

Complete mactainmg of parts and write final _port.

On Hold

La.vup remaining composite domes and

Fabricate ;_ancls and assemble test stw,_mens.
• i

Start development work.

Sum engineering. Lay-down material in April

P_x-ure remaining materials.

submit TD

_" / LLPelham
Program Manager
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T'WR-68079

OPERATION/MAINTENANCE OF THE FIBER PLACEMENT MACHINE
AND OTHER RELATED ADVANCED COMPOSITE EQUIPMENT

MONTHLY TECHNICAL STATUS REPORT

MARCH 1995

1.0 INTRODUCTION

This report summarizes the technical program activities on the Fiber Placement Machine

Operations and Maintenance Project (Contract No. NAS8-39749) for March 1995. The following

paragraphs summarize the si_cant accomplishments during the work period beginning in

March, discusses recommendations for MSFC consideration, and hsts upcoming work to be

performed in April 1995.

2.0 SUMMARY OF SIGNIFICL\'T ACCOMPLISHMENTS

Technical Directives FPM-12. FPM-13. and FPM-14 were received. Cost proposals are being

prepared and will be submitted during the April reporting period.

2.1 MACHINE OPERATIONS

Two new compaction rollers with a Teflon bonded outer surface were received from Cincinnati

Milacron (CM). The rollers had two different hardness values, 30 and 40 durometer rating. The

Cut-Clamp-Restart (CCR) mechanism for the FPM head is still at CM waiting for authorization

to proceed the repairs. Talks continued with CM and other vendors for a repair/replacement

electrical cable carrier system for the Z-a_ds. Information and pricing for CM' s ACEs software
and Dassaulf s CATIA software have been requested. These items will be discussed in detail

with the COTR during March 1995 and appropriate actions will be taken.

2"- TD FPM-01, ABLATIVE COMBUSTION CHAMBERS (ACC)

Bonded ACC Liner #3 into canister for high pressure test. Drilled pressure and i_mitor ports

in ACC Liner #3. Assembly is ready to be picked up.

Machined OD & length of ACC Liner #4.

Silica Shell Liner #5 was cured and overwrapped with fiberglass epoxy. The part was bagged and

cured. Machined OD & length of ACC Liner #5.

Silica Shell Liner #6 was tape wrapped/cured then overwrapped with fiberglass epoxy.. Machined

OD & length of ACC Liner #6.

2.3 TD FPM-02, ASSORTED COMPOSITE TAPE LAYED PANELS

Two sets of practice specimens were prepared and the tab bonding and machining techniques

were tested. The samples were pulled in the Building 4707 MTS machine.



2.4

2.5

TD FPM-03. COMPOSITE HYDROGEN DEMONSTRATION TANK

The large 37" tank is still on hold until a pole boss concept is developed.

TD FPM-04, 18" X 20" PRESSURE VESSELS

No activity. Waiting for results of Frank Ledbetter's cure study before proceeding with the
fabrication of the mandrels. All the 5.7Y'x12" bottles have been test. We are waiting for the

results to be compiled.

2.6 TD FPM-05, LH2 FEEDLINE COMPONENTS

The remaining splice rings were machined to length and four holes for injection were placed ½"
from each end, 90 de_ees apart. The remaining three 45* elbows were machined and delivered
to NASA for N-DE. The legs of the 45° elbows that mate with the Liquid to Gas Conversion
(LGC) turbopump inlet were left long to compensate for proper alignment when the full feedline
is bonded. Flanges #8 and #9 were also delivered to NASA for NDE. Flange #10 was layed-
up and cured. During the cure the autoclave lost vacuum, causing NASA EH35 personnel to
terminate the cure. NASA decided that due to the point in the cure cycle when vacuum was lost.
another flange needed to be fabricated. The additional flange, Flange #11, was layer-up, cured,
machined, and delivered to EH35 personnel. The cure cycles for all of the oven-cured parts were
converted from Molygraphics files into Excel 5.0 format. Thiokol will store this information for
reference. Semco kits were received and delivered to NASA EH35 personnel in preparation for
feedline assembly bonding. The alignment fixture was also received and delivered to the bonding

lab. A rough draft of the composite feedline report on the component production is under
review.

2.7 TD FPM-07 LH2 Tank Domes

Started fabrication of the first test panel. NASA/McDonnell Douglas have been notified that we
will run out of fabric before completion of the first panel. McDonnell Douglas has promised to
ship more fabric after the results of their fuUscale tank have been reviewed.

2.8 TD FPM-11 Phase 1 of Full Scale Ablative Chamber Fabrication

The silica/phenolic tape for the tape wrap machine has been ordered and should be received in
April. A computer model of the chamber was electronically transferred to Bill Prescott for
structural and thermal analysis. The result of this analysis will be use to determine liner

thickness and overwrap parameters.

3.0 RECOMMENDATIONS

Renewal of the PATRAN contract is crucial to the continued operation of the FPM. Without
a surface development package, no complex parts or cvlinders can be fabricated. The renewal
price is $6,800 and is due on May 1, 1995.

Tape Placement Machine software should be moved from the VAX to the SGI. This wiit provide
a uniform platform for code development for both machines.

These items will be discussed again in detail with the COTR during April 1995 and appropriate
actions will be taken.



4.0 UPCOMING WORK TO BE PERFORMED

The following is a list of upcoming work to be accomplished in April.

Table 1

Priority TD Application Work Activity

High FPM-O1 Ablative Chambers Conunue fabricating ablative chambers

Med FPM-02 Assorted Panels Fabricate specimens from 1panels already made.

Low FPM-03 Hydrogen Tank On Hold

Med FPM-O4 18" C/E Vessels Fabncat© sand mandrels and start winding vessels

High FPM-05 Cryogenic Feed Line Complete machining of parts and write final r_on.

Low FPM-06 C ryo shock Test On Hold

High FPM-07 Composite Dome Lavup remaining composizc domes and pancl.s.

High FPM-08 Honev,:omb Socclmens (lntenank] Fabricate panels and assemble test st_.ctmens.

Low - FPM-09 Isognd Cvlinder Start_reliminarydevelopmentwork.

Low FPM-10 Honeyt'omb Specimens (CDDF) Start en_ne=nng. Lay-down material in late April.

Low FPM-I1 Full Scale Ablative Chamber Procure remaining matenals.

High FPM-12 Intcrtank structure Submit proposal

Med. FPM-13 Non-autoclave Panels Submit proposal

Meal. FPM-14 Advanced Structural Panels Submit propor, al

Approved by:
/ LI. Petham

Program Manager
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TWR -68080

OPERATION/MAINTENANCE OF THE FIBER PLACEMENT MACHINE
AND OTHER RELATED ADVANCED COMPOSITE EQUIPMENT

MONTHLY TECHNICAL STATUS REPORT

APRIL 1995

1.0 INTRODUCTION

This report summarizes the teclmicaJ program activities on the Fiber Placement Machine

Operations and Maintenance Project (Contract No. NAS8-39749) for April 1995. The following

paragraphs summarize the significant accomplishments during the work period beginning in April,
discusses recommendations for MSFC consideration, and lists upcoming work to be performed

in May 1995.

2.0 SI_VIMARY OF SIGNIFICANT ACCOMPLISHMENTS

Proposals were submitted in response to Technical Directives FPM-12, -L3, -14, and 01R1. Based

on conversations with the MSFC COTR and Contract Specialist, we understand that MSFC will

likely negotiate/definitize only Technical Directives FPM-12 and FPM-01R1.

2.1 MACHINE OPERATIONS

The Cut-Clamp-Restart (CCR) mechanism for the FPM head is still at CM waiting for

authorization to proceed the repairs. The PATRAN license has expired. Complex parts and

cylinder surface models will have to be programmed by an outside source, possibly Utah Thiokol
or at Cincinnati Milacron. These items will be discussed in detail with the COTR during May

1995 and appropriate actions will be taken.

2.2 TECHNICAL DIRECTIVE STATUS

TD FPM-01, ABLATIVE COMBUSTION CHAMBERS (ACC)

The #6 ablative combustion chamber was completed and removed from the mandrel. An

Aerojet combustion chamber was machined for installation of a copper ring/insert. After the ring

was installed, it was sent to the test stand for test. During the test the copper-ring was expelled

from the chamber, the silica/phenoiic was eroded to the canister, and the stainless steel was
eroded about 3/4--inch around most of the forward end of the canister. All work is on hold until

the Propulsion Lab has a chance to evaluate the injector anomaly.

TD FPM-02, ASSORTED COMPOSITE TAPE LAYED PANELS

Twelve practice test specimens were prepared for testing. Test Panels A3, B3, A4 and B4 are

being prepared for machining.

TD FPM-03. COMPOSITE HYDROGEN DEMONSTRATION TANK

The large 37" tank is still on hold until a pole boss concept is developed.



TD FPM-04, 18" X 20" PRESSURE VESSELS

The 5.75" x 12" PV testing is complete. The most consistent burst values were obtained on the

bottles that were rotisserie cured and vacuum bagged at the higher temperature.

Thiokol technicians tried to fabricate a sodium silicate/sand mandrel with the 18" x 2.0" dome

mold. The dome section stuck inside the mold and was destroyed while t .rying to free it from the

mold. There still appears to be an undercut in the mold. B&K Manufacturing will be contacted

to correct the problem.

TD FPM-05, LH2 FEEDLINE COMPONENTS

Fbmares were fabricated to ensure proper location of holes in base of the flanges. Holes were

then machined in the base of the flanges. The holes were placed in the titanium reducer as well

as the splice rings.

Remaining work on the composite feedline project includes drilling holes in more of the splice

rings as well as machining the full bonded assembly. Due to delay, the first full bonded assembly

may not be completed until the first week of May. Further machining will then be required.

TD FPM-07 LH2 Tank Domes

Prepreg fabric should arrive from McDonnell Douglas in mid-May and four (4) more half tank
domes will be fabricated. Some cloth-cloth panels may also be fabricated.

TD FPM-08 Fabrication of Composite Honeycomb Test Specimens

Three (3) honeycomb and two (2) flat panels were fabricated and cured. The panels were rough

cut and are being machined into specimens. Test spedmens 1, 3, 5, 19, 23 and 25 were delivered

to NASA on May 1. The remaining spedmens will be completed in May.

"riD FPM-09 Development/Fabrication of Advanced Composite Isogrid

Preliminary. concept definition/design being performed.

TD FPM-10 Fabrication of Tape-Layed Honeycomb Test Specimens

Manpower planning charts were developed and initial panel layouts were prepared. A kickoff

meeting was held with Jeff Finckenor and Bill McMahon to review all aspects of the projects
be,fore starting.

TD FPM-II Phase 1 of Full Scale Ablative Chamber Fabrication

Silica phenolic has been received. The overwrap material, adhesive film, and primer will be order

pending the results of an analysis that is currently being performed.

3.0 RECOMMENDATIONS

It is recommended that PATRAN be purchased. The PATRAN license has expired. Complex

parts and cylinder surface models will have to be pro_ammed in Utah or at Cincinnati Milacron.

Also, the repair of the Cut, Clamp, and Restart _CCR) btechanism is on hold pending additionm

funding for the base contract.



TapePlacementMachinesoftwareshouldbemovedfrom the VAX to the SGI. This will provide

a uniform platform for code development for both machines.

These items will be discussed again in detail with the COTR during May 1995 and appropriate
actions will be taken.

4.0 UPCOMING WORK TO BE PERFORMED

The following is a list of upcoming work to be accomplished in May.

: i

Table 1

" m '

Priority TD Application

High FPM-01 Ablative Chambers

Met/ FPM-02 Assorted Panels
.=

Low FPM-03 Hydro_n Tank
m

Med - FPM-04 18 ° C/E VesseLs

High FPM-05 Cryogenic Feed Line

Law FPM..06 Cry_ shock Test

High FPM-07 Composite Dome

High FPM-08 Honeycomb Specimens (Intertank)

Low FPM-(Y) Itogrid Cyfnder

Low FPM-10 Hone_omb Specimens (C'DDF)

Low FPM-11 Full Scale Ablative Chamber

High

Approved by:.

FPM-12 Intcrtank structure

Work Activity

Revise TD for additional work.

Machine specimens from panels already made.
i

On Hold

Fabricate sand mandrels and start winding vessels
m

Complete machining of parts and write final report.
1

On Hold

When material is received from McDonnell Douglas

layup remaining composite domes and paneJ¢

Bond and machine remaining test speximtm¢

Start developing tooling.

Detign panel layouts, program "rPM and fabricate

pallets

Procure remaining materiab and wait for tooling.

Order honeycomb and adhesive
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TWR-68082

OPERATION/MAINTENANCE OF THE FIBER PLACEMENT MACHINE
AND OTHER RELATED ADVANCED COMPOSITE EQUIPMENT

MONTHLY TECHNICAL STATUS REPORT

MAY 1995

LO I.'¢rRODUCTION

This report summarizes the technical program activities on the Fiber Placement Machine

Operations and Maintenance Project (Contract No. NAS8-39749) for May 1995. The following

paragraphs summarize the significant accomplishments during the work period beginning in May,
discusses recommendations for MSFC consideration, and lists upcoming work to be performed

in June 1995.

2.0

2.1

SUMMARY OF SIGNIFICANT ACCOMPLISHMENTS

.MACHINE OPERATIONS

The Cut-Clamp-Restart (CCR) mechanism for the Fiber Placement Head was reouilt and
received. The PATKAN software license was emended to June 15, 1995. A purchase request

for PATRAN 1.2-1 has been submitted. These items will be discussed in detail with the COTR

during May 1995 and appropriate actions will be taken.

2.2 TECHNICAL DIRECTIVE STATUS

TD FPM-01, ABLATIVE COMBUSTION CHAMBERS (ACC)

All work is on hold until the Propulsion Lab evaluates the injector anomaly.

TD FPM-02. ASSORTED COMPOSITE TAPE LAYED P.MNELS

The following specimens will be fabricated.

- 0 degree tensile specimens with tapered tabs (9" 0.5")

- 90 degree tensile specimens with no tabs (10"x Y')

- crossply tensile specimens with no tabs (10"x 1")

- 0 degree compression tabs (5.5"x.25") with no taper on the tabs

- 90 degree compression specimens with no tabs
Rough cutting of the panels has begun. Tabs sheets will be bonded to the rough cut ranets and

specimens fabricated from the bonded panels.

TD FPM-03. COMPOSITE H'YDROGEN DEMONSTRATION TANK

This program is waiting on a pole boss concept to be developed bv ED52.



TDFPM-04, 18" X 20" PRESSURE VESSELS

Considerable effort was expended resolving problems with the mold. It appears that the problem

has been resolved and the mold can be used for sand manciret fabrication.

TD FPM-05, LH2 FEEDLINE COMPONENTS

The prototype feedline was machined. The final report. :o be submitted soon, will include

photographs of prototype feedline assembly.

"I'D FPM-07 LH2 Tank Domes

The prepreg fabric hasn't arrived from McDonnell Douglas. This program is on hold until fabric

is received.

TD FPM-08 Fabrication of Composite Honeycomb Test Specimens

Smail holes were drilled in the u-channel tabs to allow injection of the adhesive material into the

annular space. Special techniaues were developed to bond the splices to the sandwich composite

specimens. This technique involved making small buttons of adhesive the height of the desired

bondline and letting them cure. Later the adhesive is applied to the surface with the buttons and

the splice panels were clamped on and splice panels pressed on pushing the excess material out

until the panels touches the button stops.

All samples were completed, delivered to NASA/MSFC and the project has been closed out.

Unfortunately, the project overran its estimated budget. Training and inaccurate estimates for

specimen bonding and machining were the main reasons for the overrun.

TD FPM-09 Development/Fabrication of Advanced Composite lsogrid

Preliminary. work being performed--re,sewing reports of pre_5ous similar work.

TD FPM-10 Fabrication of Tape-Layed Honeycomb Test Specimens

Discussions were held with NASA/MSFC about the use of metal inserts versus bonding metal

tabs. Panel layouts were prepared and process planning paperwork is being developed. A sample

sandwich specimen was prepared and cured at an elevated pressure cure (150 psi). The

graphite/epoxy prepreg was embedded into the honeycomb core and the sides of the honeycomb

were pushed in. Another test will be run at a lower pressure to determine the optimum

autoclave pressures for curing composites with a honeycomb core.

TD FPM-I1 Phase 1 of Full Scale Ablative Chamber Material

The remaining materials, adhesive film and primer, were er_iered and should be received in June.

The overwrap material, graphite/epoxy will be order tater to replace what will be use from

inventory..



3.0

4.0

RECOMMENDATIONS

It is recommended that PATRAN be purchased. The PATRAN license has expired. Complex

parts and cylinder surface models will have to be programmed in Utah or at Cincinnati Milacron.

Tape Placement Machine software should be moved from the VAX to the SGI. This will provide

a uniform platform for code development for both machines.

These items will be discussed again in detail with the COTR during June 1995 and appropriate

actions will be taken.

UPCOMING WORK TO BE PERFORMED

The following is a list of upcoming work to be accomplished in June.

Table 1

Priority

High

Med

"I'D

High

F'PM=01

FPM-.02

Application

Ablative ChamOers

Work Acti,_fity

Revise -I'D for additional worI<.

A._one_ Panels Machine s_emmens from _anels atrcaov made.

Low F'PM-.03 H.vdro_n Tank On Hold

Meal F'PM-04 18" C/E Vessels Fabricate sand mandrels and start winding vesr_ I¢

High FPM-.05 Cryogeme Feed Line Publish and present final report.

Low FPM=06 Crvo shock Test On Hold

High FPM=07 Composite Dome When material is received from McDonnell Douglas

layup remaining composite domes and panels.

High FPM-08 Honevcomt) Specimens (Intenankl Com_)teted

Low FPM-09 Isomad Cvtinder Start deveto_)ing tootin£.

Low F'PM-I0 Honevcomo Specimens (CDDF) Design panel layouts, program T'LM and fabricate

panels

Low FPM-I1 Full Scale Ablative Cham0er Procure remainin¢ matenals and wa,t for tooling.

F'PM-12 Intenank structure

Approveo by:.

Receive honeycomb and start _ro._-amming TLM

C"/ *• L.I. Pelham

Program Manager
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TWR-68085

OPERATION/MAINTENANCE OF THE FIBER PLACEMENT MACHINE

AND OTHER RELATED ADVANCED COMPOSITE EQUIPMENT

MONTHLYTECHNICALSTATUS REPORT

JUNE I995

1.0 ENTRODUCTION

This r_ort sunmm_es the technical program activities on the Fiber Placement Machine Operauons and
Maintenance Project (Contract No. NAS8-39749) for June 1995. The following para m'aphs summarize

the signific_at acc(z_lishments during the work period beginning in June, discusses recommendations for

MSFC con._deration, and lists upcoming work to be performed in July t 995.

2.0 SUMMARY OF SIGNIFICANT ACCOMPLISHMENTS

Technical Directive FPM-16, Fabncauon or Comt)oslte Debris Shielding, and FPM-17. Fabncauon of

Camp(rote Cry,otank Test Specmaens. were re_ewed. Cost oius fixed tee proposals wlii be prevared and
submitted this month.

Supplemental Agreement 06 to the contract was executed, defmitizmg and authorizing ?echmcai Direcuve
FF)Ivf-12, Fabrication of Composite Intertank. Also. received contract modi.ficauon 06. adding $93.000 in

additionalcontract funding.

2.1 MACHINE OPERATIONS

A new 2GB hard drive was installed in Fiber Placement Ottline Programming Workstauon i,Silicon

Graphics - SGVIPER). The hard drive _all provide the additional space required to load PATRAN on
SGVIPER. PATRAN was ordered and should be received this month.

The Cut, Clamp, Restart Module (CCR.M) was received from Cmcmnati Milacron on Jtme 2 ,rod was

reinstalled on the fiber placement head. It x_ail be checked out this month.

COMPOSITE DATABASE TEST SPECLMENS

A 3' x 3' panel was fabricated to produce spectrnens for a stauc strength characteristics of mechamcaiIy-

fastened composite joint study. It was fabricated from 12-inch wide Hercules IM6/3501-6 tape. The panel

was 32 plies thick containing layers of 0°, -'-45°, 90* and -#5 °. Autoclave cure of the panel followeci the
manufacturer's suggested cure cycle. 126 specimens were cut from this panel. All specimens were
delivered to MSFC.

2.2 TECHNICAL DIRECTIVE STATUS

TD FPM-01. ABLATIVE COMBUSTION CHAMBERS (FASTRACK)

Bonded and delivered a combustion chamber to the test stand for Propulsion Lab to test the new miector

design. The new iniector pertbrmed better than the previous one but still caused several gouges due to
holes m the Ihel miector plate not being parailel with the liner inside sun'ace. The m)ector will be reworked

and the combustion chamber will be patched wtth "Havaflex" and retested later this month.



TDFPM-02, ASSORTED COMPOSITE TAPE LAYED PANELS

The last remaining specimens were machined and delivered to MSFC. T,his protect Is comviete.

TD FPM..03, COMPOSITE HYDROGEN DEMONSTRATION TANK

This project is on hold and will probably be re_Ised to accommodate the composite dome reqmred cr3"ostat
tests.

TD FPM-04, 18" X 20" PRESSURE VESSELS

Used Elkton Division's sodium silicate/sand mandrel process to t_bricatcd five mandrels. The mandrels

were removed from the molds wathout any problems. The mandrels will be insulated before winding.

TD FPM-05, LH2 FEEDLINE COMPONENTS

Holes were drilled in splice rings to be used for the display article. A group photograph was taken of all
pemm_ who worked on the feedline. 7¢e wtii machine the end of the display article i_nJulv. Subrmssion

of the feedline report wall complete our responsmdities.

"rD FPM-07 IJt2 TANK DOMES

Pr_p_g fabric was received from McDonneii Douglas. Panel plies were cut out of the prepreg fabric. One

panel set was autoclave cured on June 30.

"I'D FPM..08 FABRICATION OF COMPOSITE HONEYCOMB TEST SPECIMENS

Mum.mum U-channels were machined and small holes drilled m the tops of the charmei to allow resin to

be mjeaed. The U-channels were then bonded to the spectmens. All remaining spectmens were delivered
to MSFC. This project is complete.

TD FPM-09 DEVELOPMENT/FABRICATION OF ADVANCED COMPOSITE ISOGRID

Preliminary work being perZbrmed: re,hewing reports of prevlous s_milar work.

"I'D FPM-10 FABRICATION OF TAPE-LAYED HONEYCOMB TEST SPECIMENS

The specmma panels were divided into three distract groups: 1) Hand layup panels. 2) Tape laved laminate

panels, and 3) Tape laved honeycomb paneis. One exception is the laminate panels that include the
imbedded fiber optic strata gauges. They will be fabricated separately.

The first set of laminatepanels using the 12vI7/F655 composite tape were programmed, tape layed, and

cured (Panels 12, 13B, 3 I, 37, 43, 49, 30, 36. 42 and 48). The thick specimens t3" wide') did not have

dams placed on edges and rolled effedges. These specimens mac have to be re-titbricated using dams ff
the eemer sections are not flat.

MSFC am'eed that other materials could be ,used in the tab areas tbr ctampmg, Carbon Phenolic material

is available and wiil be fabncated into a large r.back sheet from which specxmens can be cut.

An autoclave#honeycomb test panei was cured to evaluate autoclave pressure on atuamnum i_onevcomb

and eom!xmte. The honeycomb did not collapse but the sides were pushed in (dams were not locked3 and

the ahmamum honey,e(mlb cut compietely through the prepreg composite. There was simaificant dimpling.
The autoclave pressure, ffused will need to be held to a minimum ievel so dimpling is not slm'ttficam and

',here _s no damage to the eompostte.



TD FPM-11 PHASE I OF FULL SCALE ABLATIVE CHAMBER MATERIAL

The remaining materials, adhesive film and primer, have been received. The over_wap matenat,

graphite/epoxy, will be order_ later.

TD FPM-12 INTERTANK STRUCTURE (SSTO)

The project was aufi3ofized. The honeycomb core material will be ordered tt-ds month. NASA is ex.'pectmg

to take delivery, of the composite tapelaying tool this month.

3.0 RECOMMENDATIONS

It is still recommended that the Tape Placement Machine sot_ware be moved fi'om the VAX to the SGI.

This wall provide a uniform platform for code development for both machines.

This item will be discussed again in detail with the COTR during July 1995 and appropriate action will be
taken.

4.0 UPCOMING WORK TO BE PERFORMED

The following is a list of upcoming work to be accomplished m 5une.

Priority
|

TD

High FPM-01

Meal F?M-02 As_rted Panels

Table I

Application

Abl_tiw Chamberg

Work Activity
i

Ir_a'ument Chamber for Test.

Commleted

Low F'PM-03 Hvda'_en Tank On Hold

Med FPM-04 Ig" C/E Vessels Fabricatesand mandrels and startwindin_ vessels

High

Low

Hi mh

FPM-05

FPM-06

FPM-07

F'PM-0g

FPM-09

F'PM-10

Hi_

Low

C .ryo_mc Feed Line

Crvo shock Test

Come.ire Dome

Honeycomb S,t_eimem f lntertank)

Hon_wcomb St_aens (CDDFLow

Publish and m-esera final re_rt.

On Hold

Fabricate cloth/cloth svemmem.

Comaleted

Start develooin2 toolinv..

Continue to fabricate panels

Low FPM-I i Full Scale Ablative Chamber Procure remainin._ materials.

Hie.h FPM-12 lntertank structure Receive honeycomb and start tyrol_alrmain_ TLM

Program Manager
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TWR-68087

OPERATION/MAINTENANCE OF THE FIBER PLACEMENT MACHINE
AND OTHER RELATED ADVANCED COMPOSITE EQUIPMENT

MONTHLY TECHNICAL STATUS REPORT

JULY 1995

1.0

2.1

INTRODUCTION

This report summarizes the technical program activities on the Fiber Placement Machine

Operations and Maintenance Project (Contract No. NAS8-39749) for July 1995. The following

paragraphs summarize the si_cant accomplishments during the work period be mnning in July,
discusses recommendations for MSFC consideration, and lists upcoming work to be performed in

August 1995.

SUMMARY OF SIGNIFIC.-L\'T ACCOMPLISHMENTS

MACHINE OPERATIONS

PATRAN was received and loaded on July 10. The NETLS sitelock was received and loaded on

July 18. PATRAN is fully operational on SGVIPER at this time.

The SGVIPER operating system was upgraded from IRIX 5.2 to IRIX 5.3. A small problem was
encountered when trying to run the sire module of the fiber placement offline programming system

(FI'OPS) software. Cincinnati Milacron made some minor changes to the sire source and

recompiled the code. The new module was loaded on SGVIPER and is operational.

An IP address was issued for the PC attached to the Tape-laying machine that is connected to the

NASA network. ._dso, an anonymous File Transfer Protocol (FTP) account was set up on

MSFC PELAN so the tape-laying progams could be downloaded from VAXHST to

MSFC-PELAN and then to the Tape-laying PC.

COMPOSITE JOINTS TEST SPECIMENS

The remainder of the specimens. Phases A-F and M-R. were delivered to MSFC. The low variation

on the test results indicates that the specimens were of a very. high quality.

RLV COMPOSITE TEST SPECIMENS

The base contract was funded to support operation of the Fiber Placement Machine to fabricate

RLV parts for NASA/Lockheed-Martin.

A 12" x 14" test panel (desi_ated LM Panel #1 ) was fiber placed using available IM7/$552 towpreg

to test out the FPM operation. Two panels were fabricated for NASA/Lockheed-Martin. The first

panel was a 39" x 3T panel (designated LM Panel #2) which was fiber placed using 977-2 towpreg
material. The panet was 10 plies thick and had the following tayup [0]t 0. The second panel was

a 25" x 25" panel fdesignated LM Panel #3) and was fiber placed using 977-2 tov,'preg material.

The panel was 10 plies thick and had the following layup [+45,-45]5 . Job records for three more

panels have been received from NASA/Lockheed-Martin along with a proposed schedule.



22 TECHNICAL DIRECTIVE STATUS

TD FPM-01, ABLATIVE COMBUSTION CHAMBERS (FASTRACK)

Waiting for Propulsion Lab to modify the new injector.

TD FPM-02, ASSORTED COMPOSITE TAPE LAYED PANELS

This project is complete.

"I'D FPM-03, COMPOSITE HYDROGEN DEMONSTRATION TANK

Te.a:tmical evaluation of project scope underway.

TD FPM:04, 18" X 20" PRESSURE VESSELS

No activity, to report.

TD FPM-05, LH2 FEEDLINE COIVIPONENTS

Submission of the feedline report and machining the display article will complete our responsibilities

for this project.

TD FPM-07, LH2 TANK DOMES

Four large and six small panels were fabricated and cured by MSFC and Thiokol personnel. The

large panels were tabbed and machined into 2" x 24" specimens. The smaU panels were machined

into 4" x 4" specimens. A total of 36 - 3" x 24" and 24 4" x 4" specimens were cielivered to MSFC

for shipping to McDonnell Douglas in California.

TD FPM-08, FABRICATION OF COMPOSITE HONEYCOMB TEST SPECIMENS

This project is complete

TD FPM-09 DEVELOPMENT/FABRICATION OF ADVANCED COMPOSITE ISOGRID

Fabrication on hold until January 1996. reviewing reports of previous similar work.



TD FPM-10, FABRICATION OF TAPE-LAYED HONEYCOMB TEST SPECIMENS

Ten panels were fabricated. These include six AS4/3501-6 tape layed panels and four AS4/3501-6

hand layed panels.

The AE and AF specimens from the AS4/3501-6 and IM7/BMI panels were rough cut and tabbed

(panels 34, 40, 41.42, 43, 47, 48 and 49). The specimens will be Final machined and delivered in

August.

During the cure of the 3-inch wide uni-panel the edges were significantly rounded creating a crown

on the sample. On the next 3-inch wide taft-panel a 0.25" silicone dam material was placed along

the edge to keep the vacuum bag from rounding the edge. Future uni-panels will be fabricated with

a minimum of 6-inches wide to reduce the tendency of the panel to crown in the center.

Drawings were prepared for a thick sheet of carbon/phenolic (C/P) material. The C/P will be used

in?stead of the aluminum as an insert material on the ends of the sandwich composite specimens.

The C/P will be bonded into the sandwich structure to allow a place to grip the specimens. One

of the panels will still require an aluminum U-channel insert.

TD FPM-11. PHASE I OF FULL SCALE ABLATIVE CHAMBER MATERIAL

*The remaining materials, adhesive film and primer,-have been received. The overwrap material

graphite/epoxy will be ordered later to replace what will be used from inventory.

TD FPM-12, INTERTANK STRUCTURE (SSTO)

The materials have been ordered and received for the intertank project. The Airtech composite
tool was received in late July. Materials received include:

-3M Scotch Weld 3439 HS AF structural void filling compound

-3M AF-3002 expanding adhesive.

3.0 RECOMMENDATIONS

Currently there is no funding available for the continuing maintenance of the FPM. Required
machine maintenance items include: drive boards, fuses, tow sensors and software

maintenance/upgrades (will come due October 95). The cable carrier needs to be replaced.

It is recommended that the Tape Placement Machine software be moved from the VAX to the SGI.

This will provide a uniform platform for code development for both machines.

These items will be discussed again in detail with the COTR during August 1995 and appropriate
actions will be taken.



4.0

4.1

13]_OMING WORK

FUNDED AND AUTHORIZED

The following is a list of upcoming work to be accomplished in August.

Table 1

Prionty TD ApDlication Work Activity

High FPIVl-01 Ablative Chambers Instrument Chamber for Test

FPM.02 Assorted Panels Completea

Meal FPM-03 Hydrogen Tank Fabricate one 5.75 x 12 Pressure Vessel for Leak Test

Me¢l FPM-04 18" C/E Vessels Fabricate sand mandrels and start winding vem|S

Med FPM-05 Cryogenic Feed Line Publish and present final report

Low F"PM-06 Cryo shock Test On Hold

High FPM-07 Composite Dome Fabricate ciotl_/clotri soemmens

FPM-08 Honeycomb Specimens (Intertan_() Comptetea

FPM-O9 Iso(jr_d Cylinder On Hold until Janua,,y 1996

Low FPM-IO Honeycomb Specimens (CDDF_ Continue to fabricate panels

Low FPM-11 Full Scale Ablative Chamber Procure remaining materials

FPM-12High Intertank structure

4.2 SUBMITI'EI) PI:K3PO,._S AND ROMS

TO FPM-16, RUSSIAN DEBRIS SHIELD AND TUBES

Receive honeycomb and start Programming TIM

A proposal for this effort was preparea ano submit'tea to MSFC.

TD FPM-17, ,SSTO TANKS, STIFFENERS AND SPECIMENS

Proposals for Phase t and Phase tl efforts were prepareO and subm=tted to MSFC.

Approvea by:
L. I. Pelha('n

Program Manager
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TWR-68089

OPERATION/MAINTENANCE OF THE FIBER PLACEMENT MACHINE

AND OTHER RELATED ADVANCED COMPOSITE EQUIPMENT

MONTHLY TECHNICAL STATUS REPORT

AUGUST 1995

1.0 INTRODUfc-'TIQN

This report summarizes the technical program activities on the Fiber Placement Machine

Operations and Maintenance Project (Contract No. NAS8-39749) for August 1995. The following

paragraphs summarize the significant accomplishments during the work period beginning in

August, discusses recommendations for MSFC consideration, and lists upcoming work to be

performed in September 1995.

2.0 $I, YMMARY OF SIGNIFICANT ACCOMPLISHMENTS

Technical Directive No. F'PM-18, Fabrication of Composite Cry o-Test Pressure Vessels. was

received. A proposal for this effort will be developed and submitted during September 1995.

2.1 MACHINE OPERATIONS

The Thiokol-owned SDRC I-Deas software was loaded on SGVIPER (NASA/MSFC Silicon

Graphics Workstation) and is operational The PATRAN PCL menus were moved from

SGPAT to SGVIPER and are operational. A patch renumbermg pro_am was generated

using the UNIX awk utility, and is still being debugged.

New air filters for the creel cooler were ordered, received and installed

RLV COMPOSITE TEST SPECIMENS

Eight (8) panels were fabricated for the RLV pro_am. The panels are listed below:

LM Panel
LM-Panei

m

LM Panel
LM Panel

LM Panel

LM Panel

LM Panel

LM Panei

#4 - 39" x

#5 - _" x

#6 - 25" x

#7 - 16" x

#8 - 17' x

37" (11 ply. IM7/8552 [0]_o)
25" (12 ply, IM7/8552 [45,-45.45.-45.45,-45]s)

25" (12 ply, IM7/9"/7-2 [45,-45.45,-45,45,-45]s)

24" (45 ply, IM7/977-2 [0,45.90.-45,0,-45.90,45.0]_)

25" (45 ply, IM7/977-2 [0,45,90.-45.0,-45,90,45,0]_)

#9 - 17" x 25" (45 ply, IM7/8552 [0,45,90.-45,0,-45,90.45,0]_)
#10 - 17' x 25" (45 ply, IM7/8552 [0,45,90.-45,0,-45,90,45.0]_)

#11 - 17' x 25" (45 ply, IM7/8552 [0,45,90.-45,0,-45,90,45.0]s)

Preliminary work has begun in developing a 36" diameter fiber placeable cryogenic tank.

The concept tank will have cone shaped ends with a pole boss flush to the outer surface to

allow fiber placement. Initial studies show that the tanx can be fiber placed. Unfortunateiy.

full coverage of the tank using the Ft'OPS pgen module has problems. CM will be

contacted to determine if the pgen module can be fixed or other variables can be tuneci to

allow the surface to be covered completely.



22. TECHNICAL DIRECTIVE STATUS

TD FPM-01, ABLATIVE COMBUSTION CHAMBERS (FASTRACK)

Two of the firedchambers were sectioned and are being examined by NASA M&P to

evaluatethe char depth insupport of the X.34 dc"sign-

TD FPM4}3, COMPOSITE HYDROGEN DEMONSTRATION TANK

This projectisstillon hold and may bc revisedto accommodate the composite dome for

ED52s cryostat tests

TD FPM4M, 18" X 20" PRESSURE VESSELS

Designed and submitted for fabrication the handling cart for the sand mandrel molds. It
will be used to load the molds into the oven and also remove the hot molds from the oven.

Its design will allow for simpler demolding of the sand mandrel as weft. Ordered and

received five gallons (minimum order) of TE'TA curing agent. This curing agent is

combined with epoxy, resin to bond the sand mandrel components together. Bonded Rrst

two sand mandrels together and in process of laying up the NBR ruober on the first one.

TD FPM-0$. LH2 FEEDLINE COMPONENTS

No significant activity, to report.

TD FPM-07 LH2 TANK DOMES

Three panels were fabricated. Specimen fabrication is on hold until more tab material is

available (it is on order).

TD FPM-09 DEVELOPMENT/FABRICATION OF ADVANCED COMPOSITE ISOGRID

Fabrication on hold until January. 1996, reviewing reports of previous similar work.

"I'D FPM-10 FABRICATION OF TAPE-LAYED HONEYCOMB TEST SPECIMENS

Completed panels 33 and 45 of the IM7/8551-7 series of panels. The 8" x 1" specimens

were machined and had tabs bonded onto them. The 1" x 0.75" specimens were also

machined. These samples were delivered to Jeff F'mckenor. ED52. Two carbon/phenolic

panels were fabricated by the Material Testing and Processing group. These will be used

in fabrication of the 3" wide honeycomb specimens.

"I'D FPM-I1 PHASE I OF FULL SCALE ABLATIVE CHAblBER MATERIALS

Support stands were design and fabricated. These stands will be used to provide additional
support to the mandrel while it is in the machine.

"I'D FPM-12 INTERTA.NK STRUCTURE (SSTO)

Conducted a test to determine the amount the adhesive (3M AF 3024) expands into the

honeycomb core when cured. The test consisted of ha_ng one. two or three plies

sandwiching the honeycomb core material. Upon oven cure. :he block with three plies on

top and bottom only filled 0._2 inches from each surface _ith less expansion for the one

and two pty structures. Before fabrication of the actual panel, a trial skin drape forming will

be performeci to evaluate the formabilitv of pre-iayed, non-cured skin.



3.0 RE{_QMMENDATIONS

Curre.ndy, there is no funding availablefor the continuing maintenance of the FPM. Machine

maintenance items include: chive boards, fuses,and tow sensors. The Cable Carrier needs to be

replac#M. Also, future software problem rcsolutious after September willbe billable directly

from CAncinnad Milacron. Itisrecommended that FUNDING be made available to leasethe new

Acraplace software. Itis estimated that the soRware lease rate willrun between $35k - $50k per

year. This software willrequire development of a translator for generation of the surface model

input, since ituses CATIA software running on an IBM RISC workstation.

Itisstillrecommended that the Tape Placement Machine software be moved from the VAX to

the SGI. This will provide a uniform platform for code development for both machines.

These items will be discussed again in detail with the COTR during September 1995 and

appropriate actions will be taken.

4.0

4.1

UPCOMING WORK

FUNDED AND AUTHORIZED

The foUowing is a [Listof upcoming work to bc accomplished in Scptcmbcr.

1

Table 1

Priority. TD Application Work Activity.

High FPM-01 Ablative Chamtmrs Immmment Chamber for Test.

FFM-02 Asmrted Panels Completed

Meal FFM-03 Hydrogen Tank Fabricate one 5.75 x 12 Pressure Vessel for Leak
Test

Med

Mcd

Low

Lo_

FFM-04

FPM-05

FFM-06

FFM.O7

FPM.08

FPM-09

F'PM-10

FPM-11

18" C/E Vesseas
i j

t Cryogemc Feed Line

Crvo sttoci(Test

Comtmstte DoGe
i

Honevcom0 Soecimens ( intenanl()

Isogrid Cylinder

Honevcomt_Soectmens(CDDF
Full ScaleAblative ChamOer

Hi_ FPM-12 Intertank structure

Start winding vessels

Publish and orcsent final n_on.

Canceled

Fabricate dome..

Coml_Jeted
i '

On Hold Until January t996.

Continue to fabricate oancis

Procure any remainintt materials.

Recewe honeycomb and start fabncatmg panels

4.2 SUBMITTED PROPOSALS AND ROMS

CRYO-TANK PRESSURE VESSELS

A two phase ROM was submitted to MSFC to tabricatc twelve _<.73" x 12" bottics (Phase

[) and twenty-eight S.75" x £2" bott|cs (Phase iI).



FIBER PLACED SUBSCALE INTERTANK AND PANELS

ROM Proposal was submitted to Jeff F'mckenor to fiber piac_ a honeycomb tank and flat

panels.

mgram Manager
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OPERATION/MAINTENANCE OF THE FIBER PLACEMENT MACHINE

AND OTHER RELATED ADVANCED COMPOSITE EQUIPMENT

MONTHLY TECHNICAL STATUS REPORT

SEPTEMBER 1995

1.0

2.0

INTRODUCTION

This report summarizes the technical program activities on the Fiber Placement Machine

Operations and Maintenance Project (Contract No. NAS8-39749) for September 1995. The

following paragraphs summanze the significant accomplishments during the work period

I_eginning in September, aiscusses recommendation for MSFC consideration, and lists

upcoming work to be performea in October 1995.

SUMMARY OF SIGNIFICANT ACCOMPLISHMENTS

Received Technical Directive FPM-t5, Analysis Sand Fabrication of X-34 Ablative
Combustion Chamber; FPM-18, Fabrication of Composite Cryo-Test Pressure Vessels

(CDDF); and FPM-19, Fabrication of Fiber-Placed Honeycomb Test Specimens (CDDF). A

proposal was submitted for Technical Directive FPM-18.

Received full-executed Modification No. 08, exercising the GFY96 option and extending the

period of performance through September 30, 1996. Modification No. 08 also authorized
and definitized Technical Directives FPM-16 and FPM-17 (Phase I only). Received

Modification No. 09, adding general contract funding.

2.1 MACHINE OPERATIONS

The fiber placement machine was hit by lightning on September 13, 1995. The

power surge burned out three fuses and damaged the power supply to the X, K, and

C drive boards. The power supply was sent to Cincinnati Milacron, repaired and

shipped back; the FPM is now operational.

RLV COMPOSITE TEST SPECIMENS

Five panels were fabricated for the RLV program. The panels were generated per
LM Job Record 7195 and are listed below.

LM Panel #12 - 27" x 26" (8 ply, IM7/977-2 [0, +45,90,45}s)

LM Panel #13 - 27" x 26" (8 ply, IM7/977-2 [0, +45,90,45}s)

LM Panei #14 - 27" x 26" (8 ply, IM7/977-2 [0, +45,90,45]s)

LM Panel #15 - 27" x 26" (8 ply, IM7/977-2 [0, +45,90,45]s)

LM Panei #16 - 27" x 26" {8 ply, IM7/977-2 [0,+45,90,45]s)

Continued deveiooment work on the 36" diameter fiberptaced cryogenic tank. A

point boun0ary for a zero degree ply was generated so the tank could be fabricated

in two snetls. Since Dgen lays from point-to-point on the surface, _ number of
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points needed to be identified to create a smooth semicircle on the cone ends. Aa

spreadsheet is being developed to identify points along the 45 degree path. The

pole boss design changed again so half the plies are on top of the boss and half are

below. We have received the new drawings and are creating the two new surfaces.

A 48" x 72" flat plate was mounted to the flat mandrel to fabricate 39" x 39"

panels. The existing flat panel mandrel was not large enough to accommodate the

panels (42" x 130"}.

2.2 TE_, HNICAL DIRECTIVE STATUS

TD FPM-01, ABLATIVE COMBUSTION CHAMBERS IFASTRAKI

One chamber was bonded into the stainless steel canister and is ready for test. The

instrumented chamber thermocouple installation is proceeding on schedule and witl

be completed in early October.

TO FPM-03, COMPOSITE HYDROGEN DEMONSTRATION TANK

This project is still on hold and will probably be revised to accommodate the

composite dome for ED52's cryostat tests.

TD FPM-04, 18" x 20" PRESSURE VESSELS

Designed a sand mandrel handling cart to safely handle the hot sand molds and a

cure cart (TFWM003) that will facilitate the curing of the 18" x 20" pressure
vessels in a Blue M oven. Two sand mandrels were fabricated with the NBR

bladders and are ready to cure. One will be cured for pattern program check-out.

The other will be co-cured with the pressure vessel.

TD FPM-05, LH2 FEEDUNE COMPONENTS

A draft of the final report is being reviewed.

TD FPM-07, LH2 TANK DOMES

The tab material arrived and the tabs were bonded to the three SSTO panels. One-

half tank dome was fabricated and delivered. The dome included splice buildups in

the cylinder section where the skirt will attach. This completes the work required
for this TD.

TO FPM-09 DEVELOPMENT/FABRICATION OF ADVANCED COMPOSITE ISOGRID

Fabrication is on hold until January 1996: reviewing reports of previous similar
work.

1"1:)FPM-10 FABRICATION OF TAPE-LAYED HONEYCOMB TEST SPECIMENS

The BMI panels were autoclave cured. The oven-cured BMI panels s;;ii need to be

cured and the remaining panels machined.
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PHASEI OFFULL-SCALEABLATIVECHAMBERMATERIALS

Waitingfor completion of the winding of the first chamber to assess how much

fiber and resin will be required to complete the program.

TD FPM-12 INTERTANK STRUCTURE {SST01

The Composite Intertank tool arrived, The tool was cleaned up and checked out.

A computer model of the tool surface was generated for programming the splice

joints and intertank skins. Two 6-pty composite test _anels were fabricated to

validate the fabrication process.

3.0 RECOMMENDATIONS

A maintenance budget for the FPM is critical. Currently, there ts no funding available for

maintenance of the FPM. The recent Dower suppiy failure due to lightning strike is a good
example of the types of problems that may be encountered in the future.

Cincinnati Milacron will no longer support the FPOPS software for the FPM. It is

recommended that funding be made available to lease the new Acrapiace software, it is

estimated that the software lease wig cost between $35k - $50k per year. Discussions

have been held with Intergraph and Cincinnati Milacron about writing a translator from

Microstation and/or EMS to the Fiber Placement Language (FPL) that is used by Acraplace.

These items will be discussed again in detail with the COTR during October 1995 and

appropriate actions will be taken.

4.0 UPCOMING WORK

4.1 FUNDED AND AUTHORIZED

The following is a list of upcoming work ;o De accomplished in Octo0er.

TABLE 1

PRIORITY TD APPLICATION WORK ACTIVITY

High FPM-01 Ablative chambers Instrument chamber for test

FPM-02 Assorted panels Completed

Med FPM-03 Hydrogen tank On hold

Med FPM-04 18" C/E vessels Star winding vessels

Med FPM-05 Cryogenic feedtine Publish and present final

report

FPM-06 Cryo shock test Canceled

FPM-07 Composite dome I Completed

FPM-08 Honeycomb specimens I Comp/etea
(inteRank) I
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TABLE I

PRIORITY TD APPLICATION WORK ACTIVITY

Low FPM-09 Isogrid cylinder On hold until January 1996
i i

Low FPM-IO Honeycomb specimens Continue to fabricate panels
(CDDF)

Low FPM-11 Full-scale ablative chamber Procure any remaining
materials

High FPM-11 Imertank structure Receive honeycomb and start

fabricating panets

Med FPM-12 Intertank structure Receive honeycomb and start

fabricating panels

High FPM-16 Russian debris shield Design tooling

High FPM-17 Cryo dome and stiffeners Fab panels and domes

Approved b__

Program Manager
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OPERATION/MAINTENANCE OF THE FIBER PLACEMENT MACHINE

AND OTHER RELATED ADVANCED COMPOSITE EQUIPMENT

MONTHLY TECHNICAL STATUS REPORT

OCTOBER 1995

1.0

2.0

2.1

2.2

INTRODUCTION

Thisreportsummarizes thetechnicalprogram acravitieson theFiberPlacement Machine Operationsand

IvIaint_anccProject(ContractNo. NAS8-39749) forOctober1995. The followingpara_aphs stanmanzc

s/gn_cantacxxmpli.slm_tsduringthework pmod bcmnnmg m October,discussesrecommendationfor

MSFC consideration,and listsupcoming work tobeperformedinNovember 1995.

SUMMARY OF SIGNIFICANT ACCOMPLISHMENTS

Proposal m response to Technical Dirccuve FPM19. Fabricauon of Fiber-Placed Honeycomb Test Spectmens
was submitted.

MACHINE OPERATIONS

RI.,V COMPOSITE TEST SPECIMENS

Six (6) panels were fabricated for the RLV program. The panels were generated per LM Job Record 7197
and 7200 and are listed below:

LM_Panel #19 - 42" x 40" (8 ply, 12¢17/977-2 [0,+45,90,-45]s)

L.M_Panel #20 - -;2" x 40" (24 ply, _I7/977-2 [0,+45,90,-45.-45,90,+,,tS.0]Y)

LM Panel #21 - 37" x 36" (8 ply,/M7/977-2 {0,+45.90,-45]s)
LM_Panei #22 - 37" × 36" (8 ply, IM7/977-2 [0,+aS.90,-45]s)

LM_Panei #23 - 37" x 36" (8 ply, IM7/977-2 [0,+45,90,-45]s)

LM_Panel #24 - 37" x 36" (8 ply,/M7/977-2 [0,+,.15,90,-45]s)

A 48"'x 72" flat plate was mount_i to the flat mandrel to fabricate the 42" x 40" panels. The existing flat panel

mandrel (42" x t 30") was not large enough to accommodate the panels.

Assistance was provided for design of the pole boss and mandrel shall The pole boss design changed so that

half the plies are on top of the pole boss and ha/fare below. Changes were also made to the mandrel to allow

for tow drop offs in the bottom ply stack on the cylinder section. We received revised drawings and created
the new surfaces. A menu in PATRAN was developed to generate solid model stnT"accs tbr each ply of the
tank.

TECHNICAL DIRECTIVE STATUS

"I'D FPM-01. ABLATIVE COMBUSTION CHAMBERS (FASTRAK3

Thermocoupies were installed m the instrumented chamber. The chamber was delivered to the CT Lab for
scanmng.
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TD FPM-03, COMPOSITE HYDROGEN DEMONSTRATION TANK

This pr_ea is still on hold and will be revised to accommodate the cotuposile dome for ED52's c_-osmt tests.

TD FPM-@4, 18" x 20" PRESSURE VESSELS

The Sand Mandrd Handiing Cart (TFWM002)wasdelive_ October 10, 1995. TheCureC_ITFWM003)
will be defivemd November 1, 1995. Sam Russell (MSFC/EH13) indicates that some of the pressure vessels

needtobeddivercdm cadyNovernbca"tofacilitatetcs_g schedules.SincePV's need tobe fabncatedbvnnd

November and the ixrizontal winder is heavily schcdul_L it was decided to use the polar winderto fabricam

tim PV's. Patterns have bccn developed to facilitate the fabrication of the required pressure veamls on the
polarwindingmachine. An NBR bladderhas been curedon thefirstsand mandrel.That mandrelwas then

usedtocheckoutthewindingpatternsthatwcrc developedforthepolarwinder.

TD FPM-05, LH2 I_EDLINE COMPONENTS

The finalreportisinfinalrewrite.

TD F]PM-09 DEVELOPMENT/FABRICATION OF ADVANCED COMPOSITE ISOGRID

Fabricauonison holduntilJanuary1996:reviewingreportsofprevioussimilarwork.

TD FPM-10 FABRICATION OF TAPE-LAYED HONEYCOMB TEST SPECIMENS

The BMI panelswerecuredand thenpost-cured.The honcycotubspecimensforsamplesAA-AB from panel

#26, an IM7/8552 panel,have been deliveredtothemachineshop. The BMI panelsforaiiofthe8"x l"

sp_m_ens were delivcr_tothemachine shop.

"I'DFPM-II PHASE I OF FULI_CALE ABLATIVE CHAMBER MATERIALS

Base,d on the amount oftuaterialsusedon thefirstchamber n billofmaterialsisbeingdevelopedforthe

remainingtwo chambers.

TD I;PM-12 IIh'TERTANK STRUCTURE (SSTO)

Tape lavedsplicepanelstooptimizeprocessingproc_ure. Afterthesepreliminarypancis_.adidenuficd

optimal fabricattug and bagging procedures, the two splice panels that will be used to make '2:e spiices were

produced. The fn'st panel is designated as Panel #1.02. Problems with the Despatch oven ca"_:_cdthe second

panel. Panel #2.00. to see an extended debulk at a temperature between 120° and 130°F -_._or to cunng.

Rce.cived honeycomb core for the intcrtank panels. Performed drape forming study using a _--.--.cucespan.

TD FPM-16 SPACE STATION DEBRIS SHIELD

Inimldevelopmentofthedebrisshieldtubemandrelwas performed.Fittolerancesarebeinge'.aiuatcdbased

on thermalexpansionofthemandreland thethickness ofthecompositela.vup.
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TD FPM-17 LI-I2 TANK DOMES & PANEI_

The CJSC specimens were completed and tnven to NASA to deliver to McDonnell Dou_as. The CJSM

panels were fabricated and the tabs bond_ to the panels. A new technique was used to bond the

tabs m t_ panci_ FM300-2 film adhesive was used insm_ of EA9394 paste. The tabs were held on the panels

using spring clamps The pane.is and tabs wcrc fl_n cured for one hour at 250 °F. There were places along the

outer edge of the tab to film adhesive bondline where the film adhesive did not bond. A better clamping
mdmique will need to be developed before bonding more panels. One of the tab stops moved during the cure

and willneed tobe u'inmlcd.Matched drilledholeswillbe placedthroughthe tab, filmadhesiveand

compositepaneland pinswillbeplacedpriortocuretoensureno movement ofthetabs.

3.0 RECOMMENDATIONS

Itisrccacmnendedthatthenew AcraplaccsoRwarc bc leased.The softwaremaintenance#leaseratewillbe

$35k peryem'.Itisalsorecommended thataniBM RISC stationand CATIA CAD soRwarc bepurchasedas

a front end m Acraptacc.

items will bc discussed again m demfl with the COTR during October i 995 and appropriate actions will
bc taken.

4.0 UPCOMING WORK

4.1 FUNDED AND AUTHORIZED

The following is a list of upcoming work to be accomplished m November.

TABLE I

APPLICATION

Ablative chambers

Hydrogen tank

PRIORITY TD

Himh FPM-O i

Meal FPM-03

Med FPM-04

Mcd FPM-05

Low FPM-09

Low FPM- 10

Low FPM- II

Hi_ FPM-I 1

High FPM- 16

High FPM-17
• =

18" C/E vessels

Cw,o_¢mc feedline

Iso_nd cylinder
• i

Honeycomb specimens(CDDF_

Full-scaleablativechamber

Intcnankstructure

Space Stationdebrisshield

Crvo dome and stiffeners

WORK ACTIVITY

Installinstrument chamber for test

On hold

Continue v_ndin_ vessels

Publish and vresent final rc_ort
|

On hold until January 1996
|

Continueto fabricate& machine

panels

Procureany rcmainin¢ materials

Startfabricatm_panels

Designtoolm_

Fab _)anelsand domes
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OPERATION/MAINTENANCE OF THE FIBER PLACEMENT MACHINE

AND OTHER RELATED ADVANCED COMPOSITE EQUIPMENT

MONTHLY TECHNICAL STATUS REPORT

NOVEMBER 1995

1.0

2.0

2.1

INTRODUCTION

This report stmamanzes the technical program acuvities on the Fiber Placement Machine Operations and

Project (Contract No. NAS8-39749) for November 1995. The followmg paragraphs summmze

tl_ sigaifiemt aec,omplishraents dunng the work pertod be mmmag m November, discusses recommendation

for MSFC considerauon, and lists upcoming work to be performed m December i 995.

SUMMARY OF SIGNIFICANT ACCOM'PLISHMENTS

MACHINE OPERATIONS

While eb.ecking out a program, the FPM was found to be rmsaligned. The bolts holding the head to the wrist

w_ checked and three of the four bolts were loose All four bolts were retightened and four additional bolts

were installed to secure the head (there are ei_t bolt holes but only four were used when the FPM was
installed by Cincinnati Milaeron).

RLV COMPOSITE TEST SPECIMENS

The 24" x 24" RLV 7198 panels were programmecL We are now waiting on the fabrication of RLV Tank # 1.

Lockheed Martin subcontracted the pro m'ammmg to Cincinnau Milacron (CM3. NASA/Lockheed-Martin

,NASA/LM') was not satisfied with the gap that was being generated by our Ottline Pro_ammmg Soft'ware
_FFOPS'). Interfacing between CM aria Thiokoi has begun so that proper alignment and machine parameters

are used. Machine commissioning data table values were transferred to CM so that their post processor would

develop programs for our machine setup.

A flat panel program was generated by CM using the ACES solhvare and downloaded to test m our machine.
The panels consisted of a O, 45, 90, 135 and 180 plies. The fabricated panel had all plies ia)ang m different

locaUons (as though they. were shifted). CM suggested that we perform an LBA alignment on the FPM. The
LBA alignment was performed and the F'PM is within _ 0.010" tolerance at this time. The FPM still has a

pr_lem wath the prefeeding tow. The tows are not fed out properly at the be mnning of the course-- resulting

m the tow being too shor)_ Modifications to the tow prefeed distance and tow restart distance wiil be made to
get the proper tow feedout.

The RLV tank arrived November 30. _995. from Lockheed-Martin. .2-here was a crack around the
c_rctnnference of the sand mandrel.
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TECHNICAL DIRECTIVE STATUS

"I'DFPM-.01, ABLATIVE COMBUSTION CHAMBERS (FASTRAIC)

No significant acuvity to report.

TD FPM-03, COMPOSITE HYDROGEN DEMONSTRATION TANK

No significant activi_ to report.

"I'DFPM-04, 18" • 20" PRESSURE VESSELS

Problems with the IM7/977-2 prepreg are causing delays. During winding, the material is fi'aymg offthe

spools as it is being delivered. In extreme cases, this fi-a.vmg is causing fiber breakage. To overcome Was

problem, an air conditioner for the creel is neeaed. An appropriate side mount air conditioner has been
identified. No fimdmg sources have been idemtfied. To minimize the flaying, the material is either wounci

while sail frozen or allowed to lose some tack before winding.

A pattffmder FV and semi nt_oer 001-O32 was wound, cured, and washed out. Serial number 001-002 was

fabricated with a XOOOXOOXOX lay up. The X represents a 30 = helical layer and the O represents one
hoop ply.

TD FPM-05, LH2 FEEDLINE COMPONENTS

The final report is still in final rewrite.

"I'D FPM-09 DEVELOPMENT/FABRICATION OF ADVANCED COMPOSITE ISOGRID

Fabricauon is on hold unul January. t 996; reviewing reports of previous similar work.

TD FPM-10 FABRICATION OF TAPE-LAYED HONEYCOMB TEST SPECIMENS

Tab material was machined and bonded to the 8" x I" B/vll specunens. The Tetrahedron press was usea :o

cam_the AF 191-K f_tlmadhe_ve. The machine shop has been requesw.d to cut the 1" x 0.75" and the 6" x _.5"
honeycomb BMI samples.

TD FPM-I I PHASE I OF FULL-SCALE ABLATIVE CHAMBER MATERIALS

Resin and release tape was order and is expected to be recexved in December.

NDE Imertank panel was started. The I]3 skin was tape laved with the aruficial defects. The OD skin was

lay_lwlththe 36 ply build-ups on each end. The OD skin also had ani.ficial defects. The OD skin and bu:id-

ups are ready for the application of the glasscloth, film adhesive, and honeycomb core.
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TD IrPM-12 INTERTANK STRUCTURE (SSTO) (Cont.)

Tests were comltr.ted to determine the expansion of the core splice adhesive for vented hon_comb material.
Based on an earlier test using 1, 2, and 3 layers of the AF 3024 and non-vented core, it was decided that a

vented core test was necessary because the Intertank honeycomb is vented. This test again used 1, 2 and 3

layers of AF 3024 to sandwich the cc_ but it also had a 5 ply thick 8552 prepreg laminate outside of tim 3024
to help simulate the actual lntertank part cross-section. The samples were cured and cut into four pieces so

tim inside ceils could be examined and photographed.

The corn fiber _ EC 3439, was tested to detm'mme its cure characteristics. A 4.5" x 4,5" block of 0.5"

thick non-vented core was used for one of the samples. This was completely filled with the EC 3439. The

application was performed with a spatula (no other sp_ial tooling). The composition of the EC 3439 was
pasm-12m. This core was then placed m a lay-up smailsr to the actual panei lay-up with prepreg on the outside.
a£ayer of scrim cloth, and then a laver of AF 191-K next to the filled core. The second sample used the same

lay-up, except that it was done with vented core and a 1" border of the core was not filled wath EC 3439. This

was done to detertmne the ex'tent the core filler material would ex.pand into unfilled adjacent cells. Both

samples were cured and machined into four pieces so that the reside ceils could be examined. Photographs

were taken of these samples as well.

TD FPM-16 SPACE STATION DEBRIS SHIELD

A kick off meeting was held with G-reg Olsen (the NASA Principal Engineer) to discuss the drawings and
cl_ignpmametcts.A decisionwas made tomake the shieldwithoutthebuildupareastoreducethe tooland

fatmcation cost_ The tube desifm was to be established based on hardware that Greg provided. Test patois

were fabricated to measure the cured ply thickness of the composite fabric being used (AG3760-SH/8852).

Four test panels were fabricated with different ply thicknesses: 4 plies. 6. plies. 8 plies, and 12 plies. Initial

estimates place the average ply thickness at 0.0155".

"I'DFPM-17 LH2 TANK DOMES & PANELS

FM 300-2M film adhesive was ordered for bonding tabs to the 2' x 24" specunens. This adhesive will also

be used to bond stiffeners for a later part of the project. The FM 300-2M cure temperature of 250"F was

desirable since the stress fi'ee temperature wall be at least 100*F closer to the c_. ogemc temperatures the

samples and stiffeners will be exposed to.

The CA5C 2" x 24" speetrnens were shipped to McDonnell Douglas. "HaeCJ5M 2" x 24* samples have been

rough cut from the three panels layed-up. These samples had the tabs bonded to them using FM 300-2M

ad_sive. Bonding pressure was generated using spring clamps. A bonding apparatus that will ensure proper
bonding pressure is being des_ed by the Fiber Placement Mactune lead enmneer. The CJ6M panel material

has been cut and is awaiting lay-up.

3.0 RECOMMENDATIONS

It is recotmuended that the new Acraplace soRware, ACES. be leased..'2",,e soRware lease rate will be $35k

peryear. It is also recommended that an IBM RISC stauon _~$25k_ w_m CATIA CAD sot_vare (-$22k) be

purchased to run as a fi-ont end to the ACES soth_are. Procurement of an ACES lease and CATIA wall ensure

that quality parts can be fabricated and assistance from CM will be available for future projects.

These items will be d_scussed again in detail with the COTR dunn_, December i 995 and approprtate acuons
will be taken.
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4.0

4.1

UPCOMING WORK

FUNDED AND AUTHORIZED

The following is a list of upcoming work to be accomplished in December.

TABLE 1

PRIORITY TD APPLICATION

High FPM-O 1 Ablative chambers

Med FPM-03 Hydrogen tank
i a

FPM-O4 18" C.E vesselsMed

Med

Low

Low

Low

FPM-05

FPM-09

FPM-IO

FPM-11

Cn'o[emc feedline
i •

Isomadcylinder
• i

Honey.comb specimens (CDDF)

Full-scale ablative chamber

FPM- II InterlazlkS1z'dcture

FPM- 16 SvaceStationdebrisshield
i

FPM-17 Cn'o dome and stiffeners

WORK ACTIVITY

Install insmmlent chamber for test

On hold

Continue wmdin_ vessels

Publish and oresent final report

On hold until January, 1996

Continue to fabricate & machine

panels

Procur= any remamin_ materials

Complete first panel

De_ toolin2

Fab panels and domes

Approved by: L.i.
Program Manager

_----17/,-
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OPERATION/MAINTENANCE OF THE FIBER PLACEMENT MACHINE
AND OTHER RELATED ADVANCED COMPOSITE EQUIPMENT

MONTHLY TECH2NICAL STATUS REPORT

DECEMBER 1995

1.0

2.O

2.1

2.2

INTRODUCTION

Thin report summarizes the tecimicai program activities on the Fiber Placcmem Machine Opcrauons and

Project (Coan'act No. NAS8-39749) for December t 995. The following param'aphs summarize

tl_=_ accxm_iishments during the work per=od be mmztng m December, discusses recommendations
for MSFC conmderauon, and lists upcoming work to be pen'ormed in January i996.

SUMMARY OF SIGNIFICANT ACCOMPLISHMENTS

Roc_ivod ModificaUon No. l 1, providing $385.000 in allotted funding. Subrmtted a cost proposal in the

amount of $12,413 in response to Technical Direcuve F'PM-03R 1, Fabncanon of Composite Hydrogen
Demtmstration Tank.

Bt_SIC MACHINE OPERATIONS

RIcV COMPOSITE TEST SPECIMENS

Cincinnati Milacron generated the programs for the RLV Crvotank. Some changes to the programs were

made to optimize the lay-down. The 89 and 91 dcgn_ hoop piles were designed to always start m the cylinder
seedcmaad gototheend ofthecone,thisway thetows were alwaysbeingdroppedoff.The oniyexcepuons

were the full length hoop. piles. Tows were added at one end and dropped off on the om_ l Lockhecxi-Marun
requested that Cincumau Milacron tighten-up the tow _dth so that no gaps were present m the cvlinder

set_itm of the part The f_ll lenmia plies and the remaining short plies were repro_ammed wuh a 0.125" tow

widlh. Plies 1 through_'32 were laved during. December. The pzrt was autoclave debulked by Lockheed/Marun
dm'ing the Christmas break.

No RLV test panels were fabncatexi this month as the tank was being fabricated

TECII1N'ICAL DIRECTIVE STATUS

TD FPM-01, ABLATIVE COMBUSTION CHAMBERS (FASTRAK3

No technical effon performed.

"I'D F]DM-03, COMPOSITE HYDROGEN DEMONSTRATION T._NK

No technical effort pen'ormed.

"I'D FPM--04, 18" x 20" PRESSURE VESSELS

Two (2) 18" bottles were fabricated and the process is now defined.
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3.0

-_.0

TD FPM-05. LH2 FEEDLINE COMPONENTS

The fmat report is in fmai rewrite.

TD FPM-09 DEVELOPMENT,TABRICATION OF ADVANCED COMPOSITE ISOGRID

Fabrication is on hold untd February. 1996; reviewing reports of prewous similar work.

"I'D FPM-10 FABRICATION OF TAPE-LAYED HONEYCOMB TEST SPECIMENS

TI_8 =× l" BMI sp_uuens (Samples AE-B & AF-B) have been delivered to leffFinckenor, NASA. These

16 samples completed the 8" x i" samples for all three ma_al types. The l" x 0.75" BMI _ens
(Samples AC-B & AD-B) have been machined and will bc delivered.

TD FPM-11 PHASE I OF FULL-SCALE ABLATIVE CHAMBER MATERIALS

Pa:sm and rdease tape were recewed. Awalung fabricauon of ne.,ct chamber to evaluate remaining supplies

that nexxi to be procured.

TD FPM-12 INTERTANK STRUCTURE (SSTO)

Comple.md fabrication and cure of the NDE Inte_-,_ panel. NASA performed NDE on this pane.t and then

nmm_ it. _ machining of the four _ spcctm_ts from this panel. The second Iatc='tank pan_|

was also fabricated and cur_i. To help eliminam wrinkles m the ID skin when it is drape formexi over the

tap¢:_ cx)r_, the tD skin will be tayed up m two four-layer piece.

TD FPM-16 SPACE STATION DEBRIS SHIELD

Th_ inner tube manarei and a shield mold were de.slimed and tool drawings were generated. ]3oth drawings
arc m rcwew and should be reie,as_ this month.

TD FPM-17 LH2 TAN'K DOMES & PANELS

Machining of the CJSM sampies was completed. "I"nesc have been packaged and are awaiting shipment to

MoDonnei/Dougias..-h.e CJ6M panels were iayed-up and cured, Lay-up of the CJ6C panels has been
r_luested.

RECOMMENDATIONS

It is still _ended that the new Acrapiace software. ACES, be leased as soon as possible. The soliware

lease rate will be $35k per year. It is also recommended that funding be located to procure an IBM RISC

staaon (-$25k) x_athCATIA CAD sottware t~S22k) as a front end to generate models. FPL (Fiber Placement
_e), for the ACES soltware. Procurement of ACES lease and CATIA wall ensure that quail .typarts can

be fabricated ana assistance from CM will be available for future prqlects.

"Fh_ 1terns wail be a:scus,sed a_am m de_l xxnth the COTR dunm, Januarn' i 996 ana appropriate acuons w)ii
be taken.

UPCOMING WORK
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4.1 FUNDED AND AUTHORIZED

The followingisa listofupcoming work tobeaccomplishedinJanuary..

TABLE 1
i ii

PRIORITY TD APPLICATION

FPM-O I

FPM-03

FPM-04

Med

Mefl

Med FPM-05

Low FPM-09
i

Low FPM-IO

FPM-I 1

FPM-I 1

FPM-16

Low

i-n 

i-n. 

FPM-17

Mcd F'PM-18

Med FPM-t9

Ablativechambers

Hydrogen tank
i •

18" C_ vesseis

Crvo_emc fcedlm¢
| •

Isomndcylinders

Honeycomb specimens(CDDF)

Full-scale ablative chamber

Intcrmnk structure
)

Space Station debris shield

SSTO C.vrodome & Stiffeners

Crvomst Pressure Vessels

Honeycomb Test Soectmens

WORK ACTIVITY

Installinsmmlem chamberfor,test

& fabricate3 additional chambers

Fabncate low motile dome
|

Continuewmdin_ vessels

Publish and oresent tinai revort
• i I

On hold until February 1996
i i

Continue to fabricam & machine

pane Is

Procure any remaining, mamrials
J • .

Continue fabricatm_ pane.Is

D_n and procure tooim.2

Fab panels and domes
ii

Receivebosses& startwinding

Fab oaneis and domes

Approved by:

I. Pg am"
Pro_'am Manager
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2.0

2.1

OPERATION/MAINTENANCE OF THE FIBER PLACEMENT MACHINE

AND OTHER RELATED ADVANCED COMPOSITE EQUIPMENT

MONTHLY TECHNICAL STATUS REPORT

JANUARY 1996

INTRODUCTION

This report _ the teclmic, ai pmgam activities on the Fiber Plac, m'aent Machine Operauons anti
_ee Project (Cong'act No. NAS8-39749) for January 1996. The following para_m--aphs _e

t[__ accomplishments dunng me wor_ period begriming m January., discusses recommend_ans ior

MSFC con,_deraUon, and lists upcormng work to be pen'ormea in February. 1996.

SUMMARY OF SIGNIFICANT ACCOMPLISHMENTS

P.o(_ived Modification 1 t to the contract which added $385.000 in ailotted funaing.

B_SIC MACHINE OPERATIONS

RLV COMPOSITE TEST SPECIMENS

TheFiber Placed RLV Composite C_'otank was compleu:d. Plies 33 -72 were laved, thus compietmg the fiber

pl_ement poruon of the fabrieauon. ,The part was delivered to Lockheed-Martin for autoclave cure and
wached. The second tank is scheduled to be fabrication in rind February..

NASA/Lockheed-Martin requested a feaslbilirv study on fabncanon of a 6' x 7 curved panei. A model was
din'el.opcd using FFOPS which mdicau_ that a part could be fabricated on the FPM. Onlv the 0 and 90 de_'ee

plies were generated and downloaded.

TECHNICAL DIRECTIVE STATUS

"I'D FPM-01. ABLATIVE COMBUSTION CHAMBERS (FASTRAK)

No techmcai effort pertbrmed. Waiting Ibr authonzauon to fabricate 3 additionai chamt)ers.

"I'D FPM-03. COMPOSITE HYDROGEN DEMONSTRATION TANK

Waiting, for authonzanon m proceed with dome fabrication and for NASA to indicate the spec,,,]catmns/or me

out='rmg build-up, The outer remtbrcernent nng will be co-cured with the mare dome :n me autociave..--:

reside reinforcement will be laved onto the cured part and then cured.

TD FPM-04.18" x 20" PRESSURE VESSELS

Three pressure vesseis were Iabncatod 'n january. _)n one of the tmrms, me sanci coiiavsea durm_ c'_'e

resulting m the cyimder secuon having a siim'ltiy smaller diameter than me dome tangent points, Upon mmaer

mvestag.auon, it was determined that me sana mandrel had absorved mozsture 0unng staging causm_ _'t :o
_eam offdurmg cure and softening the sodium sfiacate binder. ).lanareis wlil now 0e fabncatea iust truer "o
"LS(_.
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"I'D FPM-05. LH2 FEEDLINE COMPONENTS

Technical directive effort is compiete and will not be reported on anv further.

"I'D FPM-09 DEVELOPMENT/FABRICATION OF ADVANCED COMPOSITE ISOGRID

Fabrication is on hold until February. i 996; rexlewmg reports of previous similar work.

"I'D FPM-10 FABRICATION OF TAPE-LAYED HONEYCOMB TEST SPECIMENS

Finished machining the 1"M7/8552 and AS4/3501-6 AA & AB specmaens. Delivered all of the AC & AD

to NASA.

TD FPM-I1 PHASE I OF FUIA._CALE ABLATIVE CHAMBER MATERIALS

AWatting fabricauon of next cnam_er to cietermme supplies that need to be t_rocure0.

TD FPM-12 COMPOSITE LNTERTANK STRUCTURE

Fatr, caled _ Panels #3 ana #4 and staruxi Panel #5. Perform a test to ensure that the strata gages could

withstand a cure of 4 hours at 2O0*F. NASA's Riekv Wilbanics tested the instrllr/lented part that was placed

in the oven for this cycle and said that the strata gage was ftmcuonmg properly. The panels will be
iastrumented before fmat assembly so that only two panels wall be ldt to be instrumented when the full

stragtm'e is assembled. The enttre assembly wail then be cured at 200*F for 4 hours to cure the core splice

adhesive between the panels. Machined and match drilled structural test specimens fi'om the NDE panel to

produce End Joint Test Speetmens 97M55527-(t-4). Trying to resolve problems wath the tape laver,

ctmstantly breaking the paper backing. ,r'his problem is causing delays that may impact the schedule.

"I'D FPM-16 SPACE STATION DEBRIS SHIELD

The mandrei and shield has been ordered and should be recetved February 1996.._ne outer tube manarei

drawing has been corrmieted but has not been omereci. We will walt to get some tmckness measurements lrom

_hcfirst tube before finalizing me deslma.

"I'D FPM-17 LH2 TANK DOMES & PANELS

L,ayed-up and cured CJ6C panei_ Static0 process planning on me i,"8" Exaggerate Gap panels..-'he F/vl 300-

2M for bonamg the tabs to the svectmens will be shipped February t 2. '.996.

TD FPM-18 CRYOGENIC PRESSURE VESSELS

Waiting for NASA/MSFC. "o cieiiver the reauired vote bosses before f._bncauon can begin.

"I'D FPM-19 FIBERPLACED HONEYCOMB TEST PANELS

?rqlect :s on noid un:d _[arcr, i 996 wamng rbr comvieuon o: :ape :abet: honeycomb _ane,s.
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RECOMMENDATIONS

It is_ that the new Acra_tace sotiwarc. ACES. be le,ascd as soon as possible. Acrapta_ soRwam

has f(=mres that will allow us to more acutrately genre'ate progTam ami fabric,am parts we can not cm-nmtty

pt_ga'am. The sotl"warc lease rate _11 be $35k per year. It is also reoommendcd that funding be located to
pm=a_ m IBM RISC statiQn (~$2._ wlth CATIA CAD software (-$22k) as a front end to ge_a'am models.

FPL (FR)_ Plat=nero _agua_. ), for the ACES soRwa_ Pmcunm_emt of ACES learn and CATIA will

that quality parts can be fabricated and assiman_ fi'om Cincitmau Milacmn will be available for fum_

- pl_O_'_.

_C Lsexmsidm'mg shumng_down VAXHST. Tlm Cinmrmau Milacron Tape Laying soRware r_zd_s

on VAXI=IST and can be moved to one of the Silicon Graphics Workstations for a ~$22k porting fee. This

move is nmommcndod to get it offthe VAX and also to m_grove the pmgammmg speed.

These items will be discussea again m detmi with the COTR during February. 1996 anti appropnam acuous
g'iU bc token.

UPCOMING WORK

FUNDED AND AUTHORIZED

The following is a list of upcoming work to be accomplished in February. 1996.

TABLE 1

PRIORITY TD APPLICATION WORK A CTIVITY

High FPM-O 1 Ablauve chambers

FPM-03Med
i

Hydrogen tank
ii

Med F'PM-0-_ 18" C,qEvessels

Med FFM-O5 Crvoc)emc feedtine Publish and vresent fi:',ai renort

Low F'PM-09 Isom'ld cylinders On hold unui February i 996

FPM-IOLow Hon_'comb specimens (CDDF)

Installinstrument chamber for test

& fabricate 3 additionai chambers
i

Fabricatelow _rofiledome

Contlnuewindingvessels

Low F'PM- I 1 Full-scaie ablative chamber

High F'PM- 1! .rntertank structure Continue r'abricatine v_.neis

Continue to fabricate _ machine

paneis

Procure am, remmnin: materials
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TABLE 1

PRIORITY TD

i

FPM-16

FPM-17

FPM.18

FPM-19

APPLICATION

,Space Station debr/s shield

SSTO C.wodome & Stiffeners

C.¢yotest Pressure Vessels

Honeycomb Test Svecimens

TWR-68099

WORK ACTTVITY

Desire md procure tool/n,_

Fab panels and domes
i

Receivebossm & startwinding

Fab _anels and domes

Approved by:
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TWR-68101

OPERATIONfMAINTENANCE OF THE FIBER PLACEMENT MACHINE

AND OTHER RELATED ADVANCED COMPOSITE EQUIPMENT

MONTHLY TE_CAL STATUS REPORT

FEBRUARY 1996

1.0

2.0

2.1

2.2

INTRODUCTION

This report summarizes the technical program activities on the Fiber Placement Machine Operations and
Maintenance Project (Contract No. NAS8-39749) for February. 1996. The fotlov, Sng paragraphs summarize

the significant accomplishments during the work period beginning in February, discusses recommendations
for MSFC consideration, and lists upcoming work to be performed in March 1996.

SUMMARY OF SIGNIFICANT A CCOMPLISH'M ENTS

BASIC MACHTN'E OPERATIONS

RLV COMPOSITE TEST SPECIMENS

Five panels (28,29,30, 31 & 32) were fabricated. The last two panels had band overlap problems so the

panel 33 program was modeified to have a large band width. Fabrication of three more panels is planned.

TECHNICAL DIRECTIVE STATUS

TD FPM-01, ABLATIVE COMBUSTION CHAMBERS (FASTRAK)

No technical effort performed. Waiting for authorization to proceed with the three additional chambers. •

TD FPM-03, COMPOSITE HYDROGEN DEMONSTRATION TANK

Modification to the TD is in process; waiting for authorization to proceed with dome fabrication.

TD FPM-04, 18" • 20" PRESSURE VESSELS

Eight pressure vessels have been fabricated. The sand mandrels collapsed during the cure of the second and

third pressure vessels. Steps have been incorporated into the process to eliminate mandrel failure. Since

implementation of process modifications, no mandrel problems have been encountered. Improvements have
been made in the mandrel washout process as well. A process that once took soaking overnight can now be

accomplished in approximately 2 hours.

TD FPM-09 DEVELOPMENT/FABRICATION OF ADVANCED COMPOSITE ISOGRID

Fabrication is on hold until April 1996; reviewing reports of previous similar work.

TD FPM-10 FABRICATION OF TAPE-LAYED HOI_YCOMB TEST SPECIMENS
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BondedtheBMIskinsto 1.5" honeycomb for the production of the AA & AB specimens.

TD FPM-11 PHASE I OF FULL-SCALE ABLATIVE CHAMBER MATERIALS

Awaiting fabrication of next chamber to evaluate remaining maerials that need to be procured.

TD FPM-12 COMPOSITE [NTERTANK STRUCTURE

Fabricated Intettank Panels #5 through #1 I. This provided eight panels that were produced with the perforated

reltmse film finish on both the ID and OD sides of the panels. It was decided to wait until a_er the hatertank
was fully assembled to instrument it. Submitted drawings detailing location of defects for the Intertank NDE

panel. Machined the splice panels into the 48 splices that will be ,Jsed to bond the panels together. Performed

a test with honeycomb that showed that m a vertical orientation neither the AF 3024 core splice adhesive nor

the EC 3439 core filler dropped to a low enough viscosity during cure to cause from in between the panels.

TJ} FPM-16 SPACE STATION DEBRIS SHIELD

The inner tube mandrel was received. Y.ne debris shield mandrel was received from B&K Machine and Tool

and was degreased. The tool surface of the debris shield mandrel was scratched during degeasing and will
need to be fixed.

"I'D FPM-17 LH2 TANK DOMES & PANELS

Layed-up and cured the CJSCA cloth-cloth joint, circumferential stagger, exaggerated gap and CJ5MA cloth-
cloth joint meridional stagger, exaggerated gap panels. Tabbed and machined the CJ6M cloth-cloth joint

meridional direction stagger and the CJ6C cloth-cloth joint circumferential direction stagger panels to produce
the 2" x 24" specimens.

TD FPM-I8 CRYOGENIC PRESSURE VESSELS

Waiting for required pole bosses before fabrication can begin.

TD FPM-19 FIBERPLACED HONEYCOSIB TEST PANELS

Project will proceed upon completion of tape layed honeycomb panels.

3.0 RECOMMENDATIONS

It is rec,ommend_ that the new Acraplace soflwm-_, ACES, be leased as soon as possible. Acraplace sofhvare
has features that will allow us to more acurrately generate program and fabricate parts we can not currently

program. The software lease rate wiil be $35k per year. It is also recommended that funding be located to

lXtmm= an IBM RISC station (--$251<) _ith CATIA CAD software (--$221<) as a front end to generate models,
FPL (Fiber Placement Language), for the ACES sottxvare. Procurement of ACES lease and CATIA will ensure

that qualiv,." parts can be fabricated and that assistance from Cincinnati Milacmn will be avaiiable for future
projects.

It is reoommended that the Cincinnati Milacron Tape Laying software resides on VAXHST _e moved to one

of the Silicon Graphics Workstations tbr a ~$22k porting fee.

These items will be discussed again in detail with the COTR during March 1996 "_..'adappropriate actions will
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be taken

UPCOMING WORK

TWR-68101

4.1 FUNDED AND AUTHORIZED

The following is a list of upcoming work to be accomplished in March.

PRIORITY TD

High FFM-OI

Med FPM-O3

Med FPM-04

Low FPM-09

Low F'PM-IO

Low F'PM- 11

High FPM- i 2

High FPM-16

High FPM-17

Med FPM- 18

Med FPM- 19

TABLE I

APPLICATION

Ablative chambers

Hvdro_,en ,.:ztk

18" C/E vessels

Isom'id cylinders

Honeycomb specimens (CDDF)

Full-scale ablative chamber

Into-tank structure

Space Station debris shield

SSTO C)Todome & Stiffeners

Cryotest Pressure Vessels

Honeycomb Test Specimens

WORK ACTIVITY

Install instrument chamber for test
& fabricate 3 additional chambers

Fabricate low profile dome

Continue winding vessels

On hold until April 1996

Continue to fabricate & machine

panels

Procure any remaining materials

Fabricating test panels

Fabricate and assemble

Fab panels and domes

Receive bosses & start winding

Fab panels and domes

Approved by:
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OPERATION/MAINTE,NANCE OF THE FIBER PLACEMENT 3IACHI.NE

AND OTHER RELATED ADVANCED COMPOSITE EQU£PMENT

MONTHLY TECI_ICAL STATUS REPO RT

MARCH 1996

1.0

2.0

2.1

"-.2

INTRODUCT/ON

This report surnmarmes the technical pro_am activities on the Fiber Ftacement Machine Or_erauons and

Mainmnan_ Project tConla'aetNo. NAS8-397_9'_ for March 1996. The following para_aphs stmm'tarizg the

significant aeeomplimhm_ts during the work period be mnning in March. discusses recommendations for

MSFC considerauon, and lists upcoming work to be penormed in Apnt 1996.

SUMMARY OF SIGNq'FICANT _CCOMPLISHMENTS

Modificauon i2 :o me contracr ::as z_,ai]ve_ec-:e.d. 7_,,is modificaaon autnonzea anti de:_n:tlzea r.he efforts

described m Techmcai Direcuves ?.'z-S_-O13,2. DeveioomenuFabncauon or Advancea Com_osxte Ablauve
Chambers: FPM-O3R1. Fabncauon of Comoosite _h'dro_,en Demonstrauon Tank" r,'_d FPSI-2C. rabricauon

of a Low Profile Composite Dome.

BASIC MACHINE OPERATIONS

PROCUREMENT

Gear Lube for F'PM was received. Sixteen t 16_ roils of CCI1ouTap were received. Ten t I 0) roils of A575 High

shrink tape were received. Ten i0) roils of Wri_datlon 4500 shnnk tape were received.

,MAINTENANCE

Some of the cutting biades on me F?.Lt Cut. Ci_m_ e_ Restart ICCR'J assembly were rc_iacea. _zee of the
tov..'preg sensors do not work proveri>" an_, hz'.e been remove_.

TECHNICAL DIRECT'IX'E STATUS

TD FPM-04. IS" x 20" PRESSURE VESSELS

"Tnrt_ pressure vesseis were/abnc::e= .Y],:c_,'c=iems a._oc:ated u z_h sand mandci cr.'.'cKs azc: ,vasa-out have
not reoccurred.

TD FPM-09 DEVELOPMENT;FABRICATION OF ADVANCED COMPOSITE ISOGRID

7abncauon is on hoid untlt Bill ._.',c.Liahon completes rev:ewmg reports of ?rev:ous stmdar wor_:.

TD FPM-10 FABRICATION OF TAPE-LAYED HONEYCOMB TEST SPECIMENS

Delivere_ the 6' • _.5' .-L-k& A3 honeycomb _:'e-ctmens to NASA ED :_,ersormei.." 7inckcnor :as reQuestea

a reoiacement ._,E-B-.-'.- T-S _vectr,,en. 7his u :,i require me tape iavme e_' _r,omcr ?_zei _55 v,-,:ca :s a _.X!I
:-anei that wfii r,ee_ :,2 be curca sc_zratei\



T3,VR-68103

3.0

4.0

4.1

"I'D F'PM-12 COMPOSITE ENTERTANK STRUCTURE

Performed mace preparation on the intertank panels and splices. Bonded the Intertank structure using EA

9394. "i"h¢adhesive was allowed to room-temperature cure lbr ,*8 hours. The Intertank was then moved to

the Prtxiuctm .tyEnhanex=nent Complex where it was cured at 2300F to cure the AF 3024 core splice adhesive

located between the panels.

I'D FPM-16 SPACE STATION DEBRIS SHIELD

Outer mandrel was received from Lmco Grinding. Outer tubes and braces were fabricated. Metal and plasuc

cmm_nmts were received from B&K tooling. Demonstrauon unit was assembled and delivered to Joel

Williamse_ The fabricauon effort is now complete.

TD FPM-17 I.M2 TANK DOMES & PANELS

Mne,hit_ the eiotia-ctoth joint ctrcutm'erenuai stagger, exaggerated gap 2" x 24" specimens ICJSCA] from the

three hand laved paneis. These were sent to McDormeii Douglas along wuh the CJ5M, C._6C and C.r6M
samples, Prepared the patx=woric for the cioth-taoe transmon test s_ec:mens. ,.'-he 32-inch dome tooi wdl be

modified by Hardie-Tvnes Manuzhcturan_, m _ret_arauon tor me next two composite domes to be laved-urn.

TD FPM-t8 CRYOGEN'IC PRESSURE VESSELS

Still waiting for NAS,_IVlSFC to deliver me re_mred pole bosses betbre thbrication can bemn.

"I'DFPM-19 FIBERPLACED HONEYCOMB TEST PANELS

Project is on hold until results or'the tape laved honeycomb panels can be evaluated.

"I'D FPM-20 LOW PROFILE COMPOSITE DOME

Kick..offmeetmg was held. Matenaiwas tdentified and witl be ordered next month.

RECOMMENDATIONS

It is stii| recommenced that me new .,kcra:giace soiiware.. _C..:_. L'e icasea as stxm as Dosst0ie. ..,:raoiace

somvare has te,atures mat _aii allow us to more accurateiv gcne:a:e _ro_am ana {abncate _rts. 77e somvare

[ease rate x_ill be $47k per 3"ear. k is also recommended that randmg be iecated to procure C.-kTLA lbr me
Silicon Graphics. A auote was received fi-om a VAR (Value Added Reseiler) of CATIA software for $26.000

The annual maintenance from CATIA is $3000. Two weeics of training on CATIA wilt run 53.500 tbr up to

four people (held at ,MSFC3. It is essenuai that we upgade to the new sot_ware system to be able to use me
F"PM to gs fullest potential.

It m _iI recommended t,kat the Cincmnata gfilac,"on Tape Laymg soP,ware mat res:des on \,'..LXHST - e morea
to and one of the Silicon Graphics Vqorkstaaons Ibr a ~_-__,_""k:er_m__ lee

These :terns wilt be discussed a,_am in detati with the COTE d:-'r:n_ ._ni i 996 anti appropna:e 2caons xv:ii
be taken.

UPCOMING WORK

FUNDED AND AUTHORIZED

"---- ,"_e foiiowlng ts a ias_ of upcomm_ work :o be ._ccomDJishc;2 :x .',_arch.
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TABLE I

PRIORITY 'I'D APPLICATION

High FPM-01 Ablauve chambers

Med FPM-03 Hvdroc, en tank

Met FFM-04 [8" C/E vesseis

Low

Low

i

Low

Hi_

FPM-09

FPM-10

FPM-I I

Iso_nd cylinders
w

Honeycomb specimens (CDDF)

Full-scale ablative chamber

[ntertank su-ucture

T_VR-68103

WORK ACTIVITY

InstaU instrument chamber for test

& fabricate 3 additional chambers

Fabricate low nrofile dome
i

Continue _dndin_ ves._is
|

On hold until Aonl 1996

Continue to fabricate & machine

panels

Procure any remainin_ matemls

Fabncatin_ test panels

Hizh Soace Stanon debris shield Comoie_e & closeout

High FPM- 17 SSTO Cvroaome & Stiffeners Fab r)aneis and domes

Med FPM- 18 Crvotest Pressure Vessels Receive bosses & start xrindmg

Med FFM- t 9 Honm.,comg Test Specimens Lay-out Panels & Cylinder

Med FPM-20 Low Profile Dome Order materials & tootin_

?rogam _,_=_naget



,E_CT.- :. : .-, :
, |

MARCH 1996 MONTHLY TECHNICAL PROGRESS REPORT
- "'..2...._ "-:-'Z,TiTLE _'-_

March Monthly Technical Progress Report on RAS8-39749
Operation/Maimtenance of Fiber Placement Machine

•:. ,,,"qC,<:=i

L_rry I. P_

7. ::-_FO:-.:.IING CRGANIZA.',C,:: .,r.t_} .£.'.-. a..

Thlok=l Space Operations

_tsville Office

6767 01d Ma_Lisom Pike, Suite 490

_tsville, AL 35806

• .:_,ql&_ I, ....

.-Z

TWR-68103

Marshall Space Flight Center

Marshall Space Flight Center, .-YL35812

" _.:'_.F

.

NASA- See EamdbookNEB2200.2

Fiber Placement

Unclassified ..... Unclassified Unclassified L%



TWR-68104

OPERATION/MAINTENANCE OF THE FIBER PLACEMENT MACHINE

AND OTHER RELATED ADVANCED COMPOSITE EQUIPMENT

MONTHLY TECHNICAL STATUS REPORT

APRIL I996

1.0

2.0

2.1

..j ,_

INTRODUCTION

This report summarizes the technical program activities on the Fiber Placement Machine Operations

and Maintenance Project (Contract No. NAS8-39749) for April 1996. The following par. agraphs

summarize the significant accomplishments during the work period beginning in April, discusses

recommendations for MSFC consideration, and lists upcoming work to be performed in May 1996.

S.[,IMMARY OF SIGNIFICANT ACCOMPLISHMENT"S

Dispatched proposals for Technical Directive FPM-21. Fabrication of Composite Cryotank Structure.

and FPM-22, Cost Effective Production of Advanced Composite Structures. Received Modification

14 adding $357,000 in allotted funding to the contract.

BASIC MACHINE OPERATIONS

SOFTWARE SUPPORT

Information on the SGI version of CATIA (V4.1.6) was submitted to the COTR. A source of

funding has been identified for NASA to procure the software. This software is one step to

upgrading the F'POPS (Fiber Placement Off-line Programming System) to ACE (Automated

Composite Environment). In the meantime, software support is required from Cincinnati Milacron
on an as needed basis.

TECHNICAL DIRECTIVE STATUS

TD FPM-01. ABLATI_,'E COMBUSTION CHAM BERS I FASTRAK)

Received authorization to fabricate tour additional chambers. Required materials are being
procured.

TD FPM-03. COMPOSITE HYDROGEN DEMONSTIL-kTION T.-kNK

Laved up the two top surface reinforcement rin_ and cured the dome. The kit for the underneath

build-up rings was cut and the surface where the rin_ will be attached was grit blasted.

TD FPM-04. 18" x 20" PRESSURE VESSELS

Two pressure vessels were fabricated (PV#019-020 & PV#021-022).

TD FPM-09 DEVELOPMENT�FABRICATION OF ADVM_CED COMPOSITE ISOGRID

Fabrication is on hold penciinz re_4ew of previous simiiar work.
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TD FPM-10 FABRICATION OF TAPE.LAYED HONEYCOMB TEST SPECIMENS

Tape layed and cured the replacement Panel #55. This will be used to obtain another AE-B-A-T-8

specimen set. This effort was completed and no further reports will be generated.

"I'D FPM-I1 PHASE I OF FULL-SCALE ABLATIVE CHAMBER MATERIALS

Awaiting fabrication of next chamber to evaluate remaining supplies that need to be procured for
the last chamber.

"I'D FPM-12 COMPOSITE INTERTANK STRUCTURE

The intertank structure is complete and is being instrumented for test.

Generated tape laying pro m'ams/or the fabrication of the joint doubler panels. Fabrication of these

p_ineis will begin as soon as material is received.

"I'DFPM-16 SPACE STATION DEBRIS SHIELD

Completed.

"I'D FPM-17 LI-I2 T.MNK DOMES & P.M_IELS

Machining of the 2" x 24" CJ5MA specimens was completed. The panels for the cloth-tape

transition specimens were laved up and cured. These panels have had tabbing material bonded to

them and are in the process of being machined. The 32 inch dome tool was modified by Hardie-

Tynes Manufacturing Co. The tool was polished and release coated in preparation for lay-up.
Preliminary. drawin_ for the stiffener tool and one of the tank wall simulator tools have been

prepared.

rD FPM.18 CRYOGENIC PRESSURE VESSELS

Still waiting for Robert Carrigan. NASA. to deliver the required pole bosses before fabrication can

begin.

TD FPM-19 FIBERPLACED HONEYCOMB TEST PANELS

Projectison hold untilresuitsofthe tape laycd honeycomb panelscan be evaluated.

TD FPM-20 LOW PROFILE COMPOSITE DOME

The material(SGP370-SH/8552 preprcg fabric,39 pounds) forthe projectwas ordered. Two or

threepossiblevendorshave been found thatcan fabricatean aluminum 3:1ellipticaldome mandrcl.

RECOMMENDATIONS

[t isrecommended that the new Acraplace software.ACES. be leased as soon as possible.

Acraplacc software has featuresthat willallow us to more accuratelygenerate _ro_ams and

fabricatepartsthatwe can not currentlyprogram. The softwareleaseratewillbe $47k per year.

Itisalsorecommcndcd thatfundingbe locatedto procure CATIA for the SiliconGraphics. Itis

essentialthat we up_adc to the new software system to be able to use the FP31 to itsfullest
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potential.

It is recommended that the Cincinnati Milacron Tape Laying software that resides on VAXHST

be moved to one of the Silicon Graphics Workstations for a -$22k porting fee.

These items will be discussed again in detail with the COTR during May 1996 and appropriate
actions will be taken.

I,IPCOMING WORK

FUNDED AND AUTHORIZED

The following is a list of upcoming work to be accomplished in May.

TABLE 1

PRIORITY TD APPLICATION WORK ACTIVITY

High FPM-01 Ablative chambers Install instrument chamber for
test & fabricate 3 additional

chambers

Med FPM-03 Hydrogen tank Complete low profile dome

Med FPM-04 18" C/E vessels Continue winding vessels

Low FPM-09 Iso_id cylinders On hold until May 1996

Low FPM-11 Full-scale ablative chamber Procure any remaining
materials

Hi_a FPM-12 Intertank structure Fabricating doubler panels

Hi_a Fl:'M-17 SSTO Cyrodome & Stiffeners Fab panels and domes

Med FPM-18 Cryotest Pressure Vessels Receive bosses & start winding

Med FPM-19 Honeycomb Test Specimens Lav-out PaneLs & Cylinder

FPM-20 Low Profile Dome Receive materials & toolingMed

Program Manaaer
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OPERATION/MAINT]_ANCE OF THE FIBER PLACEMENT MACHINE

AND OTHER RELATED ADVANCED COMPOSITE EQUIPMENT

MONTHLY TECHNICAL STATUS REPORT

MAY 1996

1.0

2.0

2.1

2.2

im .q/lg..qiI. 

TI_ reports'mm_aariz_thet_,lmicalprogram a_iviti_on theFiberPlat=nero Machine (_ and

Proje_(Conn-a_No. NAS8-39749) forMay 1996. The followingps,-'a_zaphs_

dunn workpmod1 mmmgm May.,discussesr onnnend onsfor
M[_C comidazmm, and lists upcoming work to be performed in June 1996.

SUMMARY OF SIGNIFICANT ACCOMPLISHMENTS

14 to the conn'a_ was msum _ $357,000 in ftmding. $347,000 was aiiottcd for the basic
and $10,000 wu allotmd for Technical Dk'e_ve FPM-19 (Phase iD.

BASIC MACHINE OPERATIONS

SOFTWARE SUPPORT

A t_lxrary sofiv,'arc conxract with Cincmnau Milacron (CM) was establishexi and Bob Meier (CM

v/-,ns,_)/s maidag mm_ modificaacx_s _o the cod_ ttsed to fabric, am the RL V Tank.

TECHN]CAI e DIRECTIVE STATUS

TD FPM-01. ABLATIVE COMBUSTION CHAMBERS (FASTRAK3

Silica/PhenoLic tapewra_, maumai was received. Cortmieted tats-wrap and cure of the fLrst Of four 7",(
chambers.

"I'DF'PM-03. COM]PosrrE HYDROGEN DEMONSTRATION TANK

.Laycd-up the two undemeam reinforcement plies on the dome. One layer of FM 300-2M film adhesive was
used t_ enst=-c the aa_mion of the two lavers. The dome was autoclave cured and NASA/MSFC EH ana ED

lab personnel were informea that it is now avaiiable for machining

TD FPM-04, 18" • 20" PRESSURE VESSELS

No pressure vessets were fabricated m May.

TD I;'PM-09 DEVELOPMENT/FABRICATION OF ADVANCED COMPOSITE ISOGRID

Two foam mandr_ were machin_ on the filament winding mac,brae to rnamh the contour of the 5.75" x 12"

collapslble st_i mandrel. ,These two manarels were men wound with AS4 _apmte fiber and an E-Beam
curable resin _. ,,-hey.were then u'ansported by NASA/MSFC to a cunng sxte m New ./ersc3r for cure.

ARcr curing, they w_ii be sent back to NASA/MSFC for fi,hnher testing,
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TD FPM-I1 PHASE I OF FULL_CALE ABLATIVE CHAMBER MATERIALS

Awaiting fabrioauonofnextchamber toevaluateremainingsuppliesthatneed tobc procuredforthelast

c.lmmb_.

TI} FPM-12 COMPOSITE INTERTANK STRUCTURE

P._:_v_ 8H IM7/8552 prepreg cloth fix"the ptxxixu:tion of the intertenk inte_ace doubler panels. The cloth

wm ua_ for _ oftl_ oumr t .aye_ oftbe lammam to minimize fiber breakoutduring maahining.

Tim fn_ oftwo doublerpane.lswas I.ay(xiup and amociave cued.

TD lFlFM-17LH2 TANK DOMES & PANELS

On_ m_don_ wss '.tay_-up on_ modifi_ 32 inch dame tool. This comsistcd of four layers of_ cloth

-[445/-45,0/90]s in the dome re,on anti seven layers of umdirc_onai tat_ [60,90,..60.0,60,90,60] in the

Tim stiff_ drmwm_ (TFPM004) were completed am sign_i oiZ Rc_ved three suffencr toots were
Tlm ch'mvin_ for lhc midspan pop-offtank wail simuiam¢ tool ('rFFM008), tl_ hoop pop-offtank

waU _,t_m-mol (TFPM006) and the box beam tool ('ITPM005) were czmplcted, fabricaaon is _.

T,_mddmdk and ctn_ bagging tools far the _ were fabricAm=dby Tort Technologies and dcli_ Two
cam for tim bagging tools and stiffener tools were also ordct_ and rcccivcz£

Ammiofll _pmswc_fabricamdinMay. (Stiffen_s #1 through#1 I). Stiffener _1 hadalar_r_in

d_mgicm amlwillbeus_ m _ a40" crippl/ngtern_ par,.We lostthevacuum bag on Stiff_er

#3 and tbepartwas a totalloss.Stiffener#3 was us_ formachining,pracucc.

TD FPM-I8 CRYOGENIC PRESSURE VESSELS

Rob_ Cm'ngan _ StartSmeltzm'.NASA/MSFC. ,_ave aecidedtore-sco_)ctheireffort.._cvwould liketo

r[m_ fiat pancfis ana sutl use tile tow matcnais they nave oracrca. ".Veare m me process or revising me
tcchnieaidin_cuvetoaccommodate that chamze.

TD FI)M-19 FIBER.PLACED HONEYCOMB TEST PANELS

Pr_cctm on holdunulrcsuitsofthetapelayedhoneycomb panelscanbc evnluatcd.

TD FPM=20 LOW PROFILE COMPOSITE DOME

Thc__ arrivedandwas iabe.ledand plac._m storage.V_',,cdome toolisbemc,man).ffacnn-caanti
shouldbe delivenmthelastweek ofJune.
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3.0 RECOMMENDATIONS

Itis_thatfl_enew_lacesoRw.m, ACES, bcleasedassoon asposmble. Acraplace_

lurefeatxa'esth_ willallowustomore accuremJvgenerateprograms and fabric.ampartsthatwe cannot

cm.mm_hyl_ol)nm_ Th_sodw_icascnu_wiUbc$47kp_ryem'. Itis_.so_th_fi._mgbc

lommd to pmo._ CATIA for the SRkxm Graphics. It is essennal that we upgrade to the new soRware system

tobe abletouse theFPM toitsfullestpreenS.

Al_o,itis_thattbe Cin_nnan Mflaoxm Tape L_.vin8soRware uhazr_ndeson V_ be

moved toone oftheSiliconGraphicsWorkst_ons fora ~$22k porung fee.

Time mm willbe _;_",_ ,,--m indetailwiththeCOTR duringJune1996 and .appropriateactionswillbe
take=.

4.0 -UPCOMING WORK

4.1 FUNDED AND AUTHORIZED

The followingisa listof_ work tobe accomplishedinJune.

TABLE I

PRIORITY
i

Med

Low

Low

I-li_h

TD

FPM-01

FPM-O4

FPM-09

FPM-I l

APPLICATION

Ablative chambers

i

18" C/E vessels

Iso_d cvlmdgrs
i

Full-scaleablative chamber

u

Mcd
, |

Mcd

Mcd

FPM-12

FPM-17

Intl,'tankstr_Rl_

SSTO Cwodome & Stiffeners

FPM-I 8

WORK AETIVrrY

In,smU/nswamentchamber f_ test
& fabricam next 3 chambers
i

Continuewneiinc,vessels

Review ongoingefforts

Procureany rcmmmn_ materials

FPM-19

Crvom_ PressureVesseLs

Honeycomb Test Smm-tmer,s
[

FPM-20 Low PrufileDome
ii

Fabricaang remaining doubler

panel

Fab stiffeners, panels, and domes

Roc_ve bosses & start winding

Lay-ore Panels& Cylinder

Receive tooting
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OPERATION/MAINTENANCE OF THE FIBER PLACEMENT MACHINE

AND OTHER RELATED ADVANCED COMPOSITE EQUIPMENT

MONTHLY TECHNICAL STATUS REPORT

JUNE 1996

1.0

2.0

2.1

2.2

INTRODUCTION

This report "summarizes the technical program activities on the Fiber Placement Machine
Operations and Maintenance Project (Contract No. NAS8-39749) for June 1996. The
following paragraphs summarize the significant accomplishments during the work period
beginning in June, discusses recommendations for MSFC consideration, and lists upcoming
work to be performed in July 1996.

SUMMARY OF SIGNIFICANT ACCOMPLISHMENTS

Received Modification 15 to the contract, definitizing and authorizing Technical Directives
FPM-21 and FPM-22. $52,850 was added to contract value, and $144,554 was added
to allotted funding. Received Technical Directive FPM-23 and submitted proposals in
response to Technical Directives FPM-23 and FPM-24.

BASIC MACHINE OPERATIONS

FIBER PLACEMENT OFF-LINE PROGRAMING SYSTEM

The Silicon Graphics workstation (SGVIPER) was moved from the open area in room 226
above the composite lab to another office area to accommodate NAS personnel.

Cincinnati Milacron has fixed the minor changes in the orevious codes per Lockheed-Martin

reauest.

ADVANCED COMPOSITE EQUIPMENT

Training was received by t-hiokot technicians on the operation of the midsizeO autoclave
in Building 4707.

TECHNICAL DIRECTIVE STATUS

TD FPM-01, ABLATIVE COMBUSTION CHAMBERS (FASTRAK)

Tape wrapped and overwrapped two of the four additional FastracK combustion chamber
liners, installed original liner No. 5 into the canister fcr testing of the Propulsion Lab's new

injector.

TD FPM-03, COMPOSITE HYDROGEN DEMONSTRATION TANK

The dome was completed.
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3.0

TD FPM-04, 18" x 20" PRESSURE VESSELS

One sand mandrel with fiberglass was fabricated.

TD FPM-09 DEVELOPMENT/FABRICATION OF ADVANCED COMPOSITE ISOGRID

Started development of winding programs to machine grooves in the foam mandrels

TD FPM-11 PHASE I OF FULL-SCALE ABLATIVE CHAMBER MATERIALS

Completed.

TD FPM-12 COMPOSITE INTERTANK STRUCTURE

Generated tape laying programs for the fabrication of the joint doubler panels.

TD FPM-17 LH2 TANK DOMES & PANELS

Completed fabrication of the 56 stiffener segments required for the 6 box beam, 25 hoop,

and 25 midspan tank wall simulators. Fabricated hoop tank wall simulator (HTWS)

segments #1-11 and midspan tank watl simulators (MTWS) pieces Nos. 1-6 and Nos. 20-

23. Stiffeners and tabs were bonded to HTWSs No. 1 and Nos. 3-6. Stiffeners and tabs

were also bonded to MTWSs Nos. 1-5 and Nos. 20-23. A crate was fabricated for

shipping the tank wall simulators. HTWSs Nos. 1 and 3-6 along with MTWSs Nos. 1-5 and

No. 20-23 were scheduled to be delivered by July 2.

TD FPM-18 CRYOGENIC PRESSURE VESSELS

We are supporting the revision of effort to accommodate additional test panels.

TD FPM-19 FIBERPLACED HONEYCOMB TEST PANELS

Project is on hold until results of the tape lave0 honeycomb 13aneis can De evaiuated.

TD FPM-20 LOW PROFILE COMPOSITE DOME

The dome tool is expected in July.

RECOMMENDATIONS

It is still recommended that the new Acraplace software, ACES, be leased as soon as

possible. Acraplace software nas features that will allow us too more accurately generate

programs and fabricate parts that we cannot currently program. The software lease rate
will be $47k per year. it is aiso recommended that funding be located to orocure CATIA

for the Silicon Graphics. It is essential that we upgrade to the new software system to be

able to use the FPM to its fuRlest potential.

Also, it is still recommended that the Cincinnati Milacron Tape Laying software that resides

on VAXHST be moved to one of the Silicon Graphics Workstations for a - S22k porting

fee.
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4.0

4.1

These items will be discussed again in detait with the COTR during July !996 ana

appropriate actions will be taken.

UPCOMING WORK

FUNDED AND AUTHORIZED

The following is a tist of upcoming work to be accomplished in July.

TABLE 1

PRIORITY

High

Med

Low

High

High

Med

TD

FPM-O 1

FPM-04

FPM-09

FPM- 12

FPM- 17

FPM- 18

APPLICATION

Ablative ctlamDers

18" C/E vessets

Isogrid cvlinders

Intertank structure

SSTO Cyrodome &
Stiffeners

Cryotest Pressure Vessels

WORK ACTIVITY

Install instrument chamber
for test & fabricate next 2
chambers

Continue winding vessels

Machine foam manarels

Fabricating remaining
doubler panel & test
specimens

Fab stiffeners, panels, and
domes

Locate material & start

panels

Med FPM-19 Honeycomb Test Stoecimens Lay-out Panels & Cylinder

Med FPM-20 Low Profile Dome Prep tooling & star_ tayup

Approved by:

_. .,_ /

L. I. F'eiham
Program Manager
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OPERATION/MAINTENANCE OF THE FIBER PLACEMENT MACHINE
AND OTHER RELATED ADVANCED COMPOSITE EQUIPMENT

MONTHLY TECHNICAL STATUS REPORT

JULY 1996

1.0

2.0

2.1

2.2

INTRODUCTION

This report summarizes the technical program activities on the Fiber Placement Machine
Operations and Maintenance Project (Contract No. NAS8-39749) for July 1996. The
following paragraphs summarize the significant accomplishments during the work
period beginning in July, discusses recommendations for MSFC consideration, and lists
upcoming work to be performed in August 1996.

SUMMARY OF SIGNIFICANT ACCOMPLISHMENTS

Submitted a cost plus fixed fee proposal in reponse to Technical Directive FPM-23,
Phase 1 of Liquid Engine Combustion Chamber Fabrication.

BASIC MACHINE OPERATIONS

FABRICATION OF FIBER PLACED TEST SPECIMENS

The fiber placed CDDF panels are being prepared for machining.

TECHNICAL DIRECTIVE STATUS

TD FPM-01, ABLATIVE COMBUSTION CHAMBERS (FASTRAK)

Completed tapewrac and overwrap of the two remaining 'FastracK" _omPustion
chambers liners. Machined and installed the one liner into canister for testing of the

NASA/MSFC's Propuision Lab's new injector.

TD FPM-03, COMPOSITE HYDROGEN DEMONSTRATION TANK

Machined and delivered four 3" x 3" apparent strain specimens from a 5H IM7/8552
panel. Fabricated two 30" square panels from the 5H IM7 prepreg. These panels were
machined into ten 5" x 30" strips to be used to minimize fiber breakout when holes
were drilled through the flange area of the dome. Delivered the dome and machining

strips to NASA/MSFC.

TD FPM-04, 18" x 20" PRESSURE VESSELS

No activity,
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TO FPM-09 DEVELOPMENT/FABRICATION OF ADVANCED COMPOSITE ISOGRID

Foam pressure vessel mandrels, 5.75' × 12", were machined using t_e filament winder.

Currently winding tow into isogrid.

TD FPM-12 COMPOSITE INTERTANK STRUCTURE

Fabrication of the second structure will begin as soon as manpower is available.

TD FPM-17 LH2 TANK DOMES & PANELS

Tank Wall Simulator Specimens: Bonded stiffeners _o Hoop Tank Wall
Simulators (HTWS} #7-9. HTWSs #10-1 6 and Midspan Tank Wall Simulators
(MTVVS) #6-10 and 24-27 were machined. Stiffeners were also bonded to
these samples. HTWSs #7-_ 6 and MTWSs #6-10 and 24-27 were delivered to
McDonnell Douglas Huntsville. Layed-up and cured HTWSs _17-20 and
MTWSs #11-13 ana 28-30.

Strinqer Cripplinq Soecimens: Stringer Crippling S_oecimens (SCS} #02 & 03
were layed-up. Silicone pads are being used during the debuiks, heated and
non-heated, and during cure to evenly distribute pressure on the SCS surface.

The machining of SCSs #01-03 has started. A total of six SCSs are needed.

32-Inch Composite Dome: Layed-up and cured a 32-incn composite dome.

TD FPM-18 CRYOGENIC PRESSURE VESSELS

Technical Directive was revisied to accommodate additional test _aneis. No panels

were fabricated in July.

TD FPM-19 FIBERPLACED HONEYCOMB TEST PANELS

Project is on hold until results of the tape layed honeycomio paneis can iDeevaluated.

TD FPM-20 LOW PROFILE COMPOSITE DOME

The dome tool arrived and was sanded down to a smooth surface finish. Grit

sandpaper ( 180 through 640) was used to sand the surface of ;he aluminum mandrel.
The ply laydown was discussed with NASA/MSFC and the piy kit layouts on the fabric

roll drawn up.

TD FPM-21 COMPOSITE CRYOTANK

The sand mandret is being fabricated by a Lockheed-Mart_n suiocontractor. The
mandrel should be delivered in early August. Cincinnati Milacron zsready _.cregenerate
the programs oncetnemanarelarrlvesandiscnecKedout. The©and 90 degree plies

will be flippea per Lockheed-Martins reauest.
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TD FPM-22 ADVANCED COMPOSITE STRUCTURES

Assisted NASA/MSFC in the evaiuation and procurement of Thiokol TCR prepreg

material.

3.0 RECOMMENDATIONS

It is still recommended that the new Acraptace software, ACES, be leased as soon as
possible. Acraplace software has features that will allow us to more accurately

generate programs and fabricate parts that we cannot currently program. The software
lease rate will be $55k per year. It is also recommended that funding be located to

procure CATIA for the Silicon Graphics. It is essential that we upgrade to the new
software system to be able to use the FPM to its fullest potential.

It is also recommended that tt_e Cincinnati Milacron Tape Laying software that resides
on VAXHST be moved to one of the Silicon Graphics Workstations for a -$22k

porting fee.

The large autoclave lifting stand seal is leaking and needs to reptaced/re_aired. The
lifting stand is currently rated for 400 pounds, with a waiver. Schedules of the FPM
projects that require use of the large autoclave may be affected.

These items will be discussed again in detail with the COTR during August 1996 and

appropriate actions will be taken.
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4.0

4,1

UPCOMING WORK

FUNDED AND AUTHORIZED

The following is a list of upcoming work to be accomplished in August.

TABLE 1

PRIORITY TD APPLICATION WORK ACTIVITY

High FPM-01 Ablative chambers Install chambers as
renuired for test

Med FPM-04 18" C/E vessels Continue winding vessels

Low FPM-09 Wind foam mandrels

High FPM-1 2

Med

Med

Isogrid cylinders

Intertank structure Fabricating remaining
doubler panel & test
specimens

High FPM-1 7 SSTO Cyrodome & Fab stiffeners, panels, ana
Stiffeners domes

Med FPM-1 8 Cryotest Pressure Vessels Locate material & start
panels

Med FPM-1 9 Honeycomb Test Lay-out panels & cylinder
Specimens

i

Med FPM-20 Low Profile Dome Prep tooling & start tayup

"" IFPM-2 t Composite Cryotank Fiber Place Tank
i

FPM-22 Advanced Composite
Structure

Support Tom Delay

Approved by:

/i

/

- !/'

i.

JL. I. Pelham

Program Manager
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OPERATION/MAINTENANCE OF THE FIBER PLACEMENT MACHINE
AND OTHER RELATED ADVANCED COMPOSITE EQUIPMENT

MONTHLY TECHNICAL STATUS REPORT

AUGUST 1996

1.0

2.0

2.1

2.2

INTRODUCTION

This report summarizes the technical program activities on the Fiber Placement Machine
Operations and Maintenance Project (Contract No. NAS8-39749) for August 1996.
The following paragraphs summarize the significant accomplishments during the work
period beginning in August, discusses recommendations for MSFC consideration, and
lists upcoming work to be performed in September 1996.

SUMMARY OF SIGNIFICANT ACCOMPLISHMENTS

Executed Modification 16, authorizing the performance of Technical Directives FPM-23
and FPM-24, Phase t of Liquid Engine Combustion Chamber Fabrication and Fabrication
of Composite Impact Test Samples (CDDF). The Modification added $421,1 25 in
contract value and $10,000 in allotted funding.

BASIC MACHINE OPERATIONS

FABRICATION OF FIBER PLACED TEST SPECIMENS

Delivered the completed fiber-placed CDDF panels and cylinders.

TECHNICAL DIRECTIVE STATUS

TD FPM-01, ABLATIVE COMBUSTION CHAMBERS (FASTRAK)

Delivered installed Fastrak combustion chamber liner to Propulsion Lab for testing of
new injector. Per NASA direction, the combustion chambers liner that was used for the
injector check-out tests has been removed from the damaged canister. The canister
damage was mapped and photographed and delivered ;o the NAS machine shop for
repair.

TD FPM-03, COMPOSITE HYDROGEN DEMONSTRATION TANK

Received the Cryostat composite dome from the machine shop. Holes had been drilled
in the flange area. In the process of machining these holes, machining oil had dripped
onto the part. The composite was wiped with alcohol and acetone and then vacuum
bagged. It witl be placed in an oven to help bake out the absorbed oil.
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TD FPM-04, 18" x 20" PRESSURE VESSELS

No pressure vessels were fabricated in July.

TD FPM-09 DEVELOPMENT/FABRICATION OF ADVANCED COMPOSITE

ISOGRID

Completed support of Ernest Foster (Tuskeegee University) in the fabrication of the

isogrid cylinders structures.

We are in the process of removing the foam mandrel from one of the 5.75" x 12"

pressure vessels that was wound for the E-beam cured study. While removing some

of the foam, it was noted that the outer surface of resin began to craze. We believe

that the cause of the cracks is due to the thick resin rich outer surface.

TD FPM-12 COMPOSITE 1NTERTANK STRUCTURE

Located sufficient tape layed study material to produce replacement specimens AF-4-O-

T-52, AE-B-A-T-8, AA-B-O-T-8, AA-3-O-H-8 and AA-3-O-T-8. The length of the AA

specimens will be shorter than the original 6" samples. This change has been approved

by NASA ED52 personnel.

TD FPM-17 LH2 TANK DOMES & PANELS

Tank Wall Simulator Specimens Layed-up and cured Midspan Tank Wall Simulators

(MTWS} #14 and 31 and Hoop Tank Walt Simulators (HTWS) #21-27. MTWSs #11,

13 and 28-31 and HTWSs#17-21 were received from the machine shop, had stiffeners

bonded to them, and were delivered to McDonnell Douglas. HTWSs _22-27 have been

received from the machine shop and are awaiting bonding. Three additional stiffener

segments, Stiffeners #58-60, have been layed-up and cured.

32-Inch Composite Dome Shipped final 32-inch composite dome on the tool to

McDonnell Douglas.

Strinqer Cripplinq Specimens Bonded stiffeners to Stringer Crippling Specimens (SCS)

#01-03 and delivered _o McDonnell Douglas. Layed-up and cured SCSs #04-06.

McDonnell Douglas changed the requested length of the SCSs from 40" ',o 20". SCSs

#04-06 had not been :ough cut prior to receiving this information so there was

sufficient trim area to permit two of the smaller SCSs being produced from each of

SCSs #04-06. The stiffeners for these SCSs were trimmed to 18" to correspond to the

shorter SCS length.
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TD FPM-18 CRYOGENIC PRESSUREVESSELS

Thefiberplacementmachinehasbeenbroughtbackonline. Specific panel fabrication

information was compiled from Robert Carrigan (NASA) for programrrun_ 2nd fabncauon
instructions.

TDFPM-19 FIBERPLACED HONEYCOMB TEST PANELS

Project is on hold until results of the tape-laved honeycomb panels can be evaiuated.

TD FPM-20 LOW PROFILE COMPOSITE DOME

The low profile dome fabrication was completed with support from Raf Ahmed (NASA).

-Some minor changes were made to the 0iV stacking to enhance the s::ffness _n tr_e

dome area.

TD FPM-21 COMPOSITE CRYOTANK

Awaiting Lockheed-Martin to delivery of the sand mandrel.

TD FPM-22 ADVANCED COMPOSITE STRUCTURES

Assisted Tom Delay (NASA) in the evaluation and procurement of more Thiokol TCR

prepreg material. Had discussions with Mr. Delay concerning his interest in UV/EB

cured epoxy resins.

3.0 RECOMMENDATIONS

It is still recommended that the new Acraplace software, ACES, be leased as soon as

possible. Acraptace software has features that will allow us to more accurately

generate programs and fabricate parts that we cannot currently program. The software

lease rate will be $55k per year. It is recommended that funding be located to procure

CATIA for the Silicon Graphics. It is essential that we upgrade to the new software

system to be able to use the FPM to its fullest potential.

It is still recommended that the Cincinnati Milacron Tape Laying software that resides

on VAXHST be moved to one of the Silicon Graphics Workstations for a -$22k

porting fee.

These items will be discussed again in detail with the COTR during Seotember ! 996

and appropriate actions will be taken.
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UPCOMING WORK

FUNDED AND AUTHORIZED

The following is a list of upcoming work _o be accomplished in September

TABLE 1

PRIORITY TD APPLICATION WORK ACTIVITY

High FPM-01 Ablative chambers Install chambers as required
for test

Med FPM-04 18" C/E vessels Continue winding vessels

Low _ FPM-09 Isogrid cylinders Wind foam mandrels

High FPM-12 Intertank s;ructure Fabricating remaining
doubler panel & test
specimens

High FPM-17 SSTO Cyrodome & Complete stiffeners, panels,
Stiffeners and domes

Med FPM- 18 Cryotest Pressure Vessels Locate material & start

panels

Med FPM-19 Honeycomb Test Specimens Lay-out Panels & Cylinder

Med FPM-20 Low Profile Dome Prep tooling & start layup

Med FPM-21 Compcsita Cryotank Fiber Place Tank

Med FPM-22 Advanced Composite Sul_port Tom Delay
Structure

Med FPM-23 Advanced Ablative Design Winding Mandrel
Chambers

/ /
Approved by: -I_._/',.<_'/i -Tt

• I_.Pelham

Program Manager
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OPERATION/MAINTENANCE OF THE FIBER PLACEMENT MACHINE

AND OTHER RELATED ADVANCED COMPOSITE EQUIPMENT

MONTHLY TECHNICAL STATUS REPORT

SEPTEMBER 1996

TWR-68111

1.0 h"_'RODUCTION

This report summarizes the technical program activities on the Fiber Placement Machine Operations and

Maintenance Project (Contract No. NAS8-39749) for September 1996. The following paragaphs summarize the

significant accomplishments during the work period beginning in September, discusses recommendations for
MSFC consideration, and lists the upcoming work to be performed in October 1996.

2.0

2.1

2.2

SUMMARY OF SIGNIFICANTACCOMPLISHMENTS

Received fully executed Modificauon i 7 exerc_smt, the Govenunent fiscal veto- i 997 opnon, exte:mmg IJ_eperiod
ofperformaaee through September 30. 1997 Modification i 7 also incorporated Tech.mcai Direcuves FPM-18R 1

and FPM23-RI and increased the contract value by $1.044. 477 and allotted fundmg by $300.000

BASIC MACHINE OPERATIONS

PLASMA COATED FOAM MANDREL

Met v,ithPlasma Prcr,esses, Inc. to coordinate the permeability testing of O.030" thick and 0.050" tluck thermally

sprayed aluminum disks.

TECHNICAL DIRECTIVE STATUS

TD FPM-01 ABLATIVE COMBUSTION CHAMBERS (FASTRAK')

Waiting for NAS to refurbish the canisters.

TD FPM-09 FABRICATION OF ADVANCED COMPOSITE ISOGRID STRUCTURES

Met with NASA EH33 persormei to define direction of research. It was decided the isognd stiffeners should be

approximately one tow wide and the axial, or zero degree, stiffeners should be eliminated for the initial phases of

this study. The two foam mandrels that had been machined for the Tuskegee University isognd structure research
will be remachined to the single-tow stiffener pattern.

TD FPM-12 FABRICATION OF COMPOSITE INTERTANK STRUCTURE

The second doubler panel was fabricated using two 8H IM7/8552 cloth skins co-cured with the tape laid 26-ply
IM7/8552 core. The two doubler panels are awaiting delivery to NAS for machining.

The NDE intertank panel was machined into segments that will be used for hyperveiocity m_act testing. An

additional panel to be used for h,,-per'veloct_, impact testing will be fabricated using the remaining mtertank
honeycomb core.

The replacement honeycomb _ectmen.s have been machined m3d tabs are being bonded to the s_, Nes. Met w_th

the NASA project engineer to discuss the fabrication process for the remaining test samples..-.-e lay out for the
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E-series, F-series, G-senes and H-series panels is complete. :-q-_ecarborvphenoiic inserts for the F and H-series

panels have been machined.

TD FPM-17 COMPOSITE CRYOTANK TEST SPECIMENS

Fabricated additional sli.ffener segments to provide sufficient stdYeners for the tank wall simulator and stnnger

crippling specmaem. Upon receipt of these stiffeners from the machine shop, they were bonded to the rematmng

stringer crippling Slx_imens and tank wall simulators. Stringer crippling specimens 4A, 4B, 5A. 5B, 6A and 6B
were shipped to McDonneLl Douglas along with hoop tank wall stmulators #23-27 and midspan tank wail simulator

#14. This completed the requirements for the tank wall simulator and stringer crippling specimens.

"I'D FPM-18 COMPOSITE CRYOT:UNK PRESSURE VESSELS

The search effort to locate the 50 pounds of the AS4/3501-6 towpreg ',,,'as unsuccessful. -l'he freezers m the

Productivity Enhancement Complex and Building 4720 were searched. Generated WARs and programs for the

tiber'placement of the first two permeability panels. -The panels are 26" x 25" with a [90,+45.0,-45]s2 ply
oneataticm. Panel 0 ! has been fiberpiaced ='_d removed from the lay-up mandrel. Panel 02 has been started and
will be cured with Panel 0 I.

TD FPM-21 FABRICATION OF COMPOSITE CRYOTANK STRUCTURE

Awaiting delivery of 36-inch mandrel from Lockheed Mamn.

TD FPM-22 COST EFFECTIVE PRODUCTION OF ADVANCED COMPOSITE STRUCTURES

(CDDF')

The 100 yards of fabric and 77 pounds of basket we.',ve of TCR prepreg were received. F_c_ a flange to aid
machining of the foam mandrels that will be used in this study and then machined the foam blanks. A drawing for

a lay-up flange tool was generated. The request for procurement has been submitted for the fabncatmn of the

tooling.

TD FPM-23 LIQUID ENGL'VE COMBUSTION CHAMBER FABRICATION

The T300 graphite fiber for the 60K oven,,Tap was received The quantay rece:,,'cd represents zpproxzmzteJy 50
percent of the amount needed to complete this project. The Epicure W Cure Agent, the EPON 828 epoxy rcsm

and 6-inch wide cure tape were also received along with the drum dollies, valves, and heater.

TD FPM-24 COMPOSITE IMPACT TEST SAMPLES (CDDF)

Met with ED lab personnel who indicated a need for 80 samples from two ply configurations for a total of 160

Slxcimens. It was docided that one 80.75" x' 40:75" panel could be tape laid to produce the 80 3" x 9.75" samples
_or each type. Panel 24A was the designation given to the panel possessing the [0, 45, 90, -4513s ply orientation.

The panel for the specimens with only 0 and 90 degree plies was designated Panel 24B. The ply onentauon for

Panel 24B was [0, 9016s. These panels were tape laid and autoclave cured and are awaiting pos_ cure prlor to
machining.

3.0 RECOMMENDATIONS

It is recommended that the new Acrapiace software. ACES, be i_ to improve the pro_anmamg capabilities

of the fiber placement rnaclune. _e soliware lease rate ,.viii be S55k per year. It is also recommended that. ',:pon
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the purchase of the new ACES software, a new CAD inter'face be developed bv a cooperative NASAJ[nterzraph
team.

It is recommended that the Cincinnati Milacron Tape Laying software that resides on VAXHST be moved to one

of the Silicon OraphJcs workstations for a $22k porting fee. Discussions with Lockheed Martin personnel revealed

that the only reason this VAXHST is maintained is for this software. Moving the software to a SG workstauon

should not only reduce the costs by reducing the time to generate tape layer programs but also because the
VAXHST can be shutdown.

These items will be discussed again in detail with the COTR dunng October 1996 ,'rod appropnate actions x_il be

taken.

UPCOMING WORK

FUNDED AND AUTHORIZED

TD PRIORITY APPLICATION WORK ACTIVITY

FPM09 Low Isogrid Cylinders Modify foam mandrels and wind

FPMI2 Med Intertank Structure Fabricate support _ecimens, hypervetocity impact

samples

FPMI7 Low SSTO Specimens Fabricate display articles

FPM18 High Cryotank PV's Fiber_lace fiat panels

FPM 19 Med Honeycomb Specs Start programming of FPM

FPM21 High Composite Tank Fibe_ptace tank

FPM22 Med Adv Comp Structur As.,,tst ,,vlth fiber wet-out s_udv and TCR study

FPM23 High Liq Comb Clunbrs Fabracate Fastraks and mtl proI_c:'ty specmlens

FPM2.4 Med Comp hnpact Specs Machine Panels 24A & 24B

Approved by:

Program Manager
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OPERATION/MAINTENANCE OF THE FIBER PLACEMENT MACHINE

AND OTHER RELATED ADVANCEDCOMPOSITE EQUIPMENT

MONTHLY TECHNICAL STATUS REPORT

OCTOBER 1996

1.0 INTRODUCTION

This report summarizes the technical program activities on the Fiber PYacement Machine
(FPM) Operations and Maintenance Project (Contract No. NASA-39749) for October 1996.
The following paragraphs summarize the significant accomplishments during the work period
beginning in October, discusses recommendations for MSFC consideration, and lists the
upcoming work to be performed in November 1996.

2.0

2.1

2.2

SUMMARY OF SIGNIFICANT ACCOMPLISHMENTS

Received Technical Directive No. FPM-25, Fabrication of Bantam Composite RP Tank.
Technical Directive effort is determined to be out of scope and a cost proposal will be
developed.

Fabricated the majority of the remaining IM7/8551-7 panels to support the intertank
(Technical Directive FPM-12). Completed fabrication of the first four fiber placed panels for
the composite c_.:yotankpressure vessels (Technical Directive FPM-18). Work has started
on production of the material property specimens for Technical Directive FPM-23 as well as
the first of the 7K liners. Delivered the composite impact specimens from Panel 24A
(Technical Directive FPM-24).

BASIC MACHINE OPERATIONS

Four tensioners and four sensors were removed from the Fiber Placement Machine and were

packaged for shipment to Cincinnati Milacron for repair. The bellows sleeve for the X-axis
screw on the FPM sheared off. This bellows sleeve is used to protect the ball screw. It was
removed so the panel that was being fabricated could be completed. Two replacement
bellows were ordered and one was placed on the machine upon receipt.

TECHNICAL DIRECTIVE STATUS

TD FPM-01 ABLATIVE COMBUSTION CHAMBERS (FASTRAK)

Still waiting on refurbished canisters.

TD FPM-09 FABRICATION OF ADVANCED COMPOSITE ISOGRID STRUCTURES

Understand that scope may be increased.
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TD FPM-12 FABRICATION OF COMPOSITE tNTERTANK STRUCTURE

Fabricated hypervelocity intertank-splice specimens. These specimens represented the
same bonding procedure as the full scale intertank. Two segments were bonded together
using one layer of AF 3024 core splice adhesive between the panels• The splices were
bonded to the segments using EA9394 and the assembled specimens were cured at 225/F
to cure both the core splices and EA9394 adhesives,

The phenolic blocks for the F and H series specimens and cure dams for the F series panels
were machined. The E, F and G IM7/8551-7 replacement panels were then tape layed,
assembled, and cured. The tape layer programs for the E-H series panels were written to
compensate for the tape widths varying from 2.995" to 3.040" so that the programs can be
used for all three materials. An additional autoclave cured F panel will be fabricated using
IM718552 3-inch tape.

TD FPM-17 COMPOSITE CRYOTANK TEST SFECIMENS

The display hoop and midspan tank wall simulators have been received from the machine
shop. Stiffeners will be bonded to these articles and they will be displayed, per NASA
request, in the automated composites production labs in the Productivity Enhancement
Complex.

TD FPM-18 COMPOSITE CRYOTANK PRESSURE VESSELS

Completed fiber placement and cure of IM7/8551-7 towpreg Panels 03 and 04. Panel 03
was 26-inches x 25-inches and Panel 04 was 14-inches x 13-inches, both with a [90, 45, 0,
45] lay-up. Cure charts and a spreadsheet detailing material usage and panel weights were
developed and will be delivered to the principal investigator. Several discussions were held
about pole boss investigations at cryogenic temperatures. Atkins and Pearce in Covington.
Kentucky, have been contacted to provide samples of braided components to determine if
that process can be used to manufacture composite pole bosses.

TD FPM-21 FABRICATION OF COMPOSITE CRYOTANK STRUCTURE

Lockheed Martin is researching various mandrel fabrication alternatives. Fabrication of a
foam mandrel is the most recent concept that will be investigated to produce the 36 inch
diameter bottle.

TD FPM-22 COST EFFECTIVE PRODUCTION OF ADVANCED COMPOSITE

STRUCTURES (CDDF)

A test matrix was prepared to develop resin options for cryogenic applications which rapidly
gel under UV and develop full cure under modest oven exposure. Initially, the material

baseline will be established by evaluating T= and tensile strength of current production
(thermally cured) toughened epoxies. Additionally, the cure rate and photoinitiator of Loctite
UV cured resins will be evaluated. A series of formulation variations will be prepared.
holding photoinitiator concentration and base epoxy resin (Epon 828) constant, and using no
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latent thermal initiator. The variables investigated will be concentrations of aliphatic epoxy
resin/diluent, Heloxy 505 and conventional rubber toughener. After cure, the T; and tensile
strength will be evaluated and compared to the baselines. A test bottle will be wound and
burst if targets are met. Follow-on testing could include optimization of cure time by varying
photoinitiator concentration, latent catalyst concentration. UV exposure time, UV lamp
intensity, oven cure time, and oven cure temperature.

Two aluminum lay-up flange tools were procured. An additional aluminum ring was
machined to aid lay-up on these tools.

A TCR flow characteristics study was conducted to see if the excess resin that bleeds off
during cure would be sufficient to wet-out the braided material that had been procured. TCR
prepregged cloth was laid onto the SXI Telescope Tube mandrel and then the dry, braided
fiber material was placed over it. Shell 828 resin was painted on one half of the length of
mandrel, the other half left dry. The TCR prepreg had sufficient resin flow to wet the braid
where, by visual inspection, there was no discernible difference between the resin and non-
resin wetted ends.

T'D FPM-23 LIQUID ENGINE COMBUSTION CHAMBER FABRICATION

The first 7K Silica Liner (#01) has been tape wrapped, vacuum bagged and cured. All of the
silica material properties test panels, the structural properties and 45/ply angle thermal
property panels, were assembled, vacuum bagged, and cured along with 7K liner #01. The
fi_t shipment of the 3,400 Ibs of silica tape for the 40K liners has been received and stored.
This will fabricate approximately nine 40K liners before the remaining material is ordered to
complete the last nine for a total of eighteen.

Approximately 35 epoxy prepreg tapes were produced and all of the panels from this prepreg
were layed-up and cured. The test specimens will be machined from the panels and
delivered to NASA/MSFC personnel. The napkin ring sF.ecimen modifications are in design
to accommodate testing the stainless steel, film adhesive, and graphite/epoxy bondline. The
double lap shear stainless steel tabs and spacers are in design for the double lap shear
testing.

"I'D FPM-24 COMPOSITE IMPACT TEST SAMPLES (CDDF)

Both panels, Panel 24A and Panel 24B, were post cured for two hours at 350°F. Machined
Panel 24A into 96 3-inch by 9.75-inch test specimens. These specimens were cleaned,
bagged, and delivered. The samples from Panel 24B have been rough cut and are being
final machined. Panel 24B will produce 96 specimens as well, exceeding the 80 required
per each configuration.

3.0 RECOMMENDATIONS

It is still recommended that the new ACES Acraplace fiber placement machine software be
leased to improve fabrication capabilities. Tt is also recommended that the tape laying
software be ported to the Silicon Graphics machine.



4.0 UPCOMING WORK

The following is a list of upcoming work to be accomplished in November.

"FWR-6 8112

TD

FPM09 Low

FPM12 Med

FPM17

FPM18

FPM19

FPM21

FPM22

FPM23

FPM24

PRIORITY

Low

Low

Low

Low

Med

High
Med

APPUCATiON

Iso_ldd Cylinders
Intertank Structure

SSTO Specimens

Composite PVs ..

Fiberpl.a,ced Specimens

Composite Cryotank

Adv Comp Structures

.Liq Cemb Chambers

Comp Impact Specs

WORK ACTIVrrY

Modify' foam mandrels and wind

Fabricate supportspecimens

Fabricate display ar'dcles

Outline pro_Iram objectives

Start pr,ogrammin_l of machine
Fabricate tank when mandrel arrives

Provide labor,and technical support

Fabricate panels and 7K liners
Machine Panel 24B specimens

Approved
b'/// /L.V: "_"-c'_/' I. Pelham

Program Manager
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TWR-68113

OPERATION/MAINTENANCE OF THE FIBER PLACEMENT MACHINE

AND OTHER RELATED ADVANCED COMPOSITE EQUIPMENT

MONTHLY TECHNICAL STATUS REPORT

NOVEMBER 1996

1o0 INTRODUCTION

This report summarizes the technical program activities on the Fiber Placement Machine
(FPM) Operations and Maintenance Project (Contract No. NASA-39749) for November 1996.
The following paragraphs summanze the significant accomplishments during the work penod
beginning in November, discusses recommendations for MSFC consideration, and lists the
upcoming work to be performed in Oecemcer 1996.

2.0 SUMMARY OF SIGNIFICANT ACCOMPLISHMENTS

Contractual

Cost plus fixed fee proposal in the amount of $322,839 was submitted in response to
Technical Directive FPM-25, Fabrication of Bantam Composite RP Tank. Received,
reviewed, and released Modification 18, which added $61,760 in centract funding.

Technical Performance

Completed fabrication of the IM7/8551-7 and IM7/8552 panels for the honeycomb support
specimens (FPM-12), Completed overwrap and cure of four Fastraks that are now prepared
to be machined (FPM-23). Delivered 96 3" x 9.75" specimens from Panel 24B to fulfill the
requested amount of impact test samples (FPM-24).

2.1 BASIC MACHINE OPERATIONS

2.2 TECHNICAL DIRECTIVE STATUS

TD FPM-01 ABLATIVE COMBUSTION CHAMBERS (FASTRAK)

Waiting on NAS to refurbish the canisters.

TD FPM-09 ADVANCED COMPOSITE ISOGRID STRUCTURES

Effort will be revised to add scope that will inctude 2 to 3 eighteen-inch _ressure vessels with
internal isogdds.
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TD FPM-12 FABRICATION OF COMPOSITE INTERTANK STRUCTURE

Delivered the replacement specimens from the A_,-AF panels. The E, F and G IM7/8551-7
panels were oven cured. These panels exhausted the supply of this epoxy 3" tape
purchased for this project. Another F series panel was fabricated using the IM7/8552 3"
prepreg and autoclave cured. The i;omposite splices for the G series IM7/8551-7 specimens
will also be produced from the IM7/8552 tape. The E-series IM7/8551-7 specimens from
Panels 1A and 10 were machined. Have started machining the F-series IM7/8551-7 and
IM7/8552 panels, Panels 4, 5 and 4_2. Production of the skins for the F-series AS4/3501-6
samples has also begun.

TD FPM-17 COMPOSITE CRYOTANK TEST SPECIMENS

The_display hoop and midspan tank wail simulators were completed and are tocated in the
automated composites production laid in the Productivity Enhancement Complex. Torr
Technologies indicated that the bags would be repaired due to the fact the silicone lot that
was used for this application did not meet the manufacturers established durometer and
elongation criteria.

TD FPM-18 COMPOSITE CRYOTANK PRESSURE VESSELS

Technical discussions held to determine desired direction of future research.

TD FPM-19 FIBER PLACED HONEYCOMB TEST SPECIMENS

Received specifications of honeycomb to be purchased.

TD FPM-21 FABRICATION OF COMPOSITE CRYOTANK STRUCTURE

Waiting on Government-furnished 36-inctl mandrel.

TD FPM-22 COST EFFECTIVE PRODUCTION OF ADVANCED COMPOSITE

STRUCTURES (CDDF)

A sample has been requested of the Loctite UV cured resin.

TD FPM-23 LIQUID ENGINE COMBUSTION CHAMBER FABRICATION

Stainless steel Double Lap Shear, Tensile Button, and Napkin Ring specimens have been
received. Machining of all of the composite test specimens was completed and the samples
were delivered for testing. The first four Fastraks, 7KC1 - 7KC4 have been overwrapped
with fiberglass/epoxy and are ready for machining. Fastrak Liner #5 has been tape wrapped
and cured and is awaiting overwrap. Liner #6, 7KC6, is being tape wrapped.
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TDFPM-24 COMPOSITE IMPACT TEST SAMPLES (CDDF)

The 96 3" x 9.75" specimens from Panel 24B were machined and delivered. This completed
the requirement of the specimens for this project. A total of 192 3" x 9.75" specimens were
produced, 96 with a [0,45,90,-4513s onentation and 96 with a [0,90] 6s lay-up.

3.0 RECOMMENDATIONS

It is recommended that the new ACES Acraplace fiber placement machine software be
leased to improve fabrication capabilities. It is also recommended that the tape laying
software be ported to the Silicon Graphics machine.

4.0 UPCOMING WORK

4.1 FUNDED AND AUTHORIZED

TD PRIORITY APPLICATION WORK ACTIVITY

FPM09 Med

FPM12 Med

LowFPM17

FPM18 Low

FPM19 Low

FPM21 Low

FPM22

FPM23

FPM24

FPM25

Approved by:

Med

High
Med

High

Isogrid Cylinders

Intertank Structure

SSTO Specimens

Composite PVs

Fiberplaced Specimens

Composite Cryotank

Adv Comp Structures

Liq Comb Chambers

Comp Impact Specs

Composite RP-1 Tank

,f_'-LJ. IprogPelhaMmanager

Modify foam mandrels and wind

Fabricate support specimens

Place toolin_l in storacje

Outline proclram objectives

Procure honeycomb/program FPM
Fabricate tank when mandrel amves

Provide labor and technical support

Fabricate panels and 7K liners

Supply cure charts/process document

Generate tool drawings/procure mtl
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OPERATION/MAINTENANCE OF THE FIBER PLACEMENT MACHINE

.MWDOTHER RELATED ADVANCED COMPOSITE EQUIPMENT

1.0 INTRODUCTION

TWR-68114

MONTHLY TECHNICAL STATUS REPORT

DECEMBER 1996

This report summarazes the technical program activities on the Fiber Placement Machine (F'PIVI3

Operations and Maintenance Project (Contract No. NASA-39749) for December 1996. The following

paragraphs summarize the significant accomplishments during the work period beginning in December,
discusses reeornmendations for MSFC consideration, and lists the upcormng work to be performed in

January 1997.

2.0 SUbIMARY OF SIGNIFICANT ACCOMPLISHMENTS

2.1

2.2

_Received T_-,zhr,.icalDirective FFM-09R1, revised scope lbr the Development/Fabrication of Advanced

Colnposite Isognd Structure. A proposal will be developed and dispatched.

Received spray axated mandrels and permeability, samples (TD FPM-O0). Received router and vacuum

system to aid isogrid fabrication (TD FPM-O9). Continued honeycomb support specmaen work ('I'D

FPM-12). Continued fabrication of 7K liners, 40K inserts and maned work on bonding specimens (TD
FPM-23). Started tooling design and procurement processes and ordered prepreg (TD FPM-25).

BASIC MACHINE OPERATIONS

Procured request for IM7/954-3 and IM7/977-3 prepreg fabrics.

PLASMA COATED FOAM MANDRELS

The plasma coated foam mandrels and permeability, samples were received from Plasma Processes.

J. Vickers, NASA EH33 was contacted to set up a meeting to discuss the over _rap process.

TECHNICAL DIRECTIVE STATUS

"I'DFPM-01 ABLATIVE COMBUSTION CHAMBERS (FASTRAIO

Waiting on NAS to refurbish the canisters.

I'D FPM-09 ADVANCED COMPOSITE ISOGRID STRUCTURES

The new router and vacuum system was received. These were found to require minor modificatio_ts to

pick up the foam particles. The end plate of the vacuum system was removed and a brush installed

around the circumference to allow for better pick up of the heavier foam particles. This approach was
tested and worked well. Preliminary. patterns were developed for the grid machining and reviewed by

NASAfMSFC. NASAJMSFC selected their optimal pattern which will be fully developed.

Page t of 3
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TD FPM-II FABRICATION OF COMPOSITE INTERTANK STRUCTURE

Delivered the remainder of the replacement specmaens from the AA-AF specimens. Completed

machining of the 12d7/855 I-7 and IM7/8552 F-series panels. Started fabrication of the E-series and H-
saies AS4/3501-6 panels. Working on filling the area between the phenolic blocks and the core for the

IM7/8551-7 autoclave cured panels. NASA/MSFC is checking into the status of the aluminum C-

channels for the H-series specimens.

TD EPM-17 COMPOSITE CRYOTANK TEST SPEC_IENS

Awaiting the delivery of the reusable silicone bags that are being repaired at Torr Technologies.

TD FPM-21 FABRICATION OF COMPOSITE CRYOTANK STRUCTURE

Lockheed Martin is investigating the feaslbilit)" of producing a tbam mandrel.

"I'D FPM-22 COST EFFECTIVE PRODUCTION OF ADVANCED COMPOSITE

STRUCTURES

A meeting to discuss various tooling approaches was held with. To support ongoing mandrel

investigations, information on companies that fabricate expanded polystyrene foam was forwarded

provided.

"I'D FPM-23 LIQUID ENGINE COMBUSTION CHAMBER FABRICATION

Campleted fabrication of Faslrak chambers #7KC5 and 7KC6. The new PPG 1062 fiberglass was used
for the over wrap of #7KC6. It stayed trader tension better during processing then the Owens Cornmg

15813material that was used for the previous liners. By visual inspection, this appeared to be the best
7K CO. Delivered two &the 7K CC Liners to the machine shop for final machining. Received 40K CC

#01 (A) from the tesI stand and 40K Liner #02(A) was picked up. Completed fabrication of the ftrst

_ Billet #-0lB. Thc stainless steel components for the bond test were received, from. These

_ts were prepped for bonding by hand cleaning wlth 1, I, I, vapor degreasmg with !, I, 1, grit

blasting and priming with BR127 primer.

"I'D }'_M-24 COMPOSITE I/Vl]PACT TEST SAMPLES

_ated cure charts for Panels 24A and 24B as well as the post cure cycle for both panels.

TD FPM-7.5 BANTAM COMPOSITE RP TANK

All phases of work on this program were initiated. Aided NAS and NASA/MSFC personnel in producing
d_wingsfa-ane_vcr",dleferthelarge_lave The eradle is being precured. Drawings for the vessel half

mamdrel were generated and turned over to Thiokoi Utah procurement persormel. Work was begun on the

&awings for the neck mandrel and neck flange. The TCR prepreg to be used was ordered. The cloth was T-
650 3K fabric and was selected due to its availability and cendicataon.

Page 2 of 3
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3.0 RECOMMENDATIONS

It is still recommended that the new ACES Acraplace fiber placement machine software be leased to
improve fabrication capabilities. It is also recommended that the tape laying soRware be ported to the

Silicon Graphics machine.

4.0

4.1

UPCOMING WORK

FUNDED AND AUTHORIZED

TI)

FPM09

FPMI2

FPMI7

FPMI8

F'PMI 9

FPM2.1

FPId22

FPM23

FPM25

PRIORITY

Med
n

Low

Low

Low

LOw

Med

APPLICATION

Isogid Cylinders

Intcrtank Structure

SSTO Spectmcrm

ComvositePVs
J

FiberplacedSpecunens

CompositeCryotank

Adv Comp Structures

LiqComb Chambers

Composite RP-1 Tank

WORK ACTIVITY

Modify foam mandrels and wind
i

Fabricate support specimens

Place tooling in storage

Outline program obiectives

Procurehoneycomb/program FPM

Fabricate tank when man&el amves

Provide labor and technical support

Fabricate 7K liners & 40K inserts

Procure tooling and materials

Approved Y/Y15elham' Program Manager

Page 3 of 3
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OPERATION/MALNTENANCE OF THE FIBER PLACEMENT MACHINE

AND OTHER RELATED ADVANCED COMPOSITE EQUIPMENT

MONTHLY TECHNICAL STATUS REPORT

JANUARY 1997

1.0 INTRODUCTION

2.0

2.1

2.2

This report summarizes the technical program acnvities on the Fiber Placement Machine (FPM) Operanons
and Maintenance Project (Corm-act No. NASA-39749) for January. 1997. The foUovang paragraphs

the significamaccomplishmentsduring the work period beginning in January..discusses

recommendations forMSFC consideration,and listsdie upconung work tobe performed inFebnm_ 1997

SUMMARY OF SIGNIFICANT ACCOMPLISHMENTS

A proposal, in the amount of $41.801. _vas suonutted in response to Technicai Direcnve FPM-09RI.

Deveiopment/Fabricauon of Advance_i Composite Isogrid Structure (CDDF). Revaslon 1

Inmmmk passed proof test and honevcomb support spccuncn fabncauon is ongoing ('r'D FPMI2). Connnumg
fabrication of 40K Combusuon Clmmber ICC) liners and installed a new 7I,( CC liner m the camster ,and

delivered it to the test stand (I'D FPM-23). Encoumered di_culty in procuring a CRES Bantam RP-I Tank

vessel half tmandrel so material specfficauon was changed to aluminum (TD FPM-25).

BASIC MACHINE OPERATIONS

PLASMA COATED FOAM MANDRELS

Met with NASA to discuss overwrap ply oneatation, thickness, cure techniques ,and desired surface finish of

the finished part. Work will begin when the requirements are finalized.

TECHNICAL DIRECTIVE STATUS

TD FPM-01 ABLATIVE COMBUSTION CHAMBERS (FASTRAK)

Still waiting on the refurbishment of the canisters.

TD FPM-03 COMPOSITE HYDROGEN DEMONSTRATION TANK

Awaiting delivery, of the dome so that a center cap/repair can be fabricated.

"I'D FPM-09 :EDVANCED COMPOSITE ISOGRID STRUCTURES

Pattea'ns were generated to start machining and winding of the isognds. Met wath NASA to discuss project

requirements. "l'he grid pattern stz_ and depth were established. Machining of the fomn blanks wlil start when

NASA procures the bits to machine the proper contour into the foam.

TD FPM*12 FABRICATION OF COMPOSITE INTERTANK STRUCTURE

Tl_ intcrtank was tested and passed tim 260 kip proof load. Started process planning for second h.xpervetoci_

impact panel. Fabricated E-senes BMI panel and completed fabricanon of the F-senes AS4/3501-6

s-pcctmens. Tlds completed the fabncauon of the F-series specunens. Received the aitumntun C-clmnnei for

the H-senes specimens and the aiumlnum splice matenal for the G-series p:mels.
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TD FPM-17 COMPOSITE CRYOTANK TEST SPECLMENS

Received reusable cure bags from Tort Technologies. Instead of replacing the ermm bag in d_e frame.

additional silicone was placed over the tears along the edges.

TD FPM-19 FIBER PLACED HONEYCOMB TEST SPECIMENS

Honeycomb will be ordered m preparation for fabrication. Tim honeycomb may be a long tead tame matenai

which will allow sufficient time for programming of the machine.

"I'DFPM-21 FABRICATION OF COMPOSITE CRYOTANK STRUCTURE

Awaiting delivery, of the mandrel by Lockheed Martin.

"I'DFPM-23 LIQUID ENGINE COMBUSTION CHAMBER FABRICATION

Completed fabricanon of 40K Inserts a02B and 03B. Recewed 40K CC Liner _2A back a_er testing 0y d_e

Propulsion Lab. Picked up SLX7K CC liners n-am machine shop where they will be storecl maul they are ready

for testing. Removed tested liner and installed Liner _02B into the 7K CC Camster. Pressure port ,and igmter
holes were drilled in 7K CC Liner #02B ,and it w,_ delivered to the test stand personnei.

"I'DFPM-25 BANTAM COMPOSITE RP TANK

Submitted procumn_rtt requests for FM 300-2M film adhesive and EA9394. Recewed 1000 Ibs of TCR

pmD'¢g. Encou_red severe di_culty in procuring the vessel half maxx_l. A large database of vendors was
developed before the decision was made to fabricate d_e mandrel from almnirmm ms-t_d of CRES. The

decision to go to alumimun was made to reduce the cost of the mandrel. Tile autoclave cradle procurement was
awarded. NASA added work flat includes fabncanon of material property spectmens and adding level sensors

to the mterrtal baffles.

3.0 RECOMMENDATIONS

It is still recommended dkat file new ACES Acraplace fiber piacemem mactune software De !eased to tmDrove

fabricalaon capabilities. It is also recommended that the tape laying software be ported to the Silicon Graptucs
machine.

4.0 UPCOMING WORK

4.1 FUNDED AND AUTHORIZED

TD IPRIORITY ) APPLICATION

FPM09 i High Iso_,rid Cylinders

FPMI2 Med Interr_nk Structure

FPM17 Low SSTO Specimen_

FPM 18 Low Composite PVs
FPM19 i Low Fiberplaced Specimens

FPM21 I Low Composite Cryotank
FPM22 i Low } Adv Comt_ Structures

! t ,

b"PM23 I High f Liq Comb Chambers
t I Comtmsite RP-1 TamkFPM25 _ High ,

"_pproveci by: L.I. Pelham
Program Manager

I WORK ACTIVITY

[ Modify foam mandrels and wind

[ Fabricate support specimens

[ Place tooline in storaze

I Outline program objecuves

[ Procure honeycomb/pro[ram r"PM
i Fabricate tank when mandrel amves

;Pmvtde labor and technical support
t Fabricate 7K liners & 40K inserts

t Procure tooling/mils. Fab mu samoles
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OPERATION/MAINTENANCE OF THE FIBER PLACEMENT MACHINE
AND OTHER RELATED ADVANCED COMPOSITE EQUIPMENT

MONTHLY TECHNICAL STATUS REPORT
FEBRUARY 1997

1.0 INTRODUCTION

This tepoR sunmmnzes the technical program activities on the F_er Placement Machine tFPM) Operations
and Maintenance Project (Contract No. NASA-39749) for February, 1997. The following paragraphs

summarize the significant accompiishinenm during the work period beginning m February., discusses
reoommendations for MSFC consideration, and lists the upcoming work to be performed in March 1997

2.0 SUMMARY OF SIGNIFICANT ACCOMPLISHMENTS

Received Modification 20 to the contract.auttnzing and defimtizing Technical Direcuve FPM-O9R1.

De_elopment/Fabricauon of Advanced Composite Isognd Structure t CDDF). Revision 1. Contract value was

increased by $41.399. and funding was mcreased by $30.000.

2.1 BASIC MACHINE OPERATIONS

PLASMA COATED FOAM MANDRELS

Over wrapped the first plasma sprayed mandrel with IM7/977-2 and cured it One laver of EA9628 film
adhesive was used to aid adhesion of the overwmp to the mandrel. This bottle was delivered for tesung.

2.2 TECHNICAL DIRECTIVE STATUS

TD FPM-01 ABLATIVE COMBUSTION CHAMBERS (FASTRAK)

Received refurbished canisters.

TD FPM-03 COMPOSITE HYDROGEN DEMONSTRATION TANK

Waiting delivery of the dome so that a center cap/repair can bebfieated.

TD FPM-09 ADVANCED COMPOSITE ISOGRID STRUCTURES

Completed fabricanon of two isogrid mucmres. The first strucaue was made using a foam mandrel with a
helical grid pattern that had been painted with white paint to serve as a release. Tiffs bottle was autoclave

cured at 35 psi. Visual inspection revealed that overall this was an acceptable part but in trying to remove the

while paint residue by water blasting some of the internal grid structure was damaged. It was decided to use
sand sealer for the second boule which not only contained the helical grid panem but also llad hoops passing

thttmgh the nodes. This strucnue was wound and cured. The next structure to be fabricated will llave axially

aligned tows instead of hoops.

"I'D FPM-12 FABRICATION OF COMPOSITE INTERTANK STRUCTURE

The machining of the 43" .x 3.25" F-series for the I/v[7/8551-7. IM7/8552 and AS4/3501-6 was completed.

The IM7/8552 skins for panel #2 have been tape taid to the size of fl_e non-tapered rrmm acreage of the

honeycomb that was used for the intertank segments.
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"I'D FPM-18 5UBSCALE COMPOSITE CRYO-TEST PRESSURE VESSELS

Waiting direction from new NASA/MSFC principal inve_gator into the direction of the rernamder of this

study..

TD FPM-19 FIBER PLACED HONEYCOMB TEST SPECIMENS

Need to order honeycomb core and meet xxith NASA/MSFC principal invesugator to define project goals.

"I'D FPM-21 FABRICATION OF COMPOSIFE CRYOTANK STRUCTURE

Waiting delivery, of the provided mandrel.

TD FPM-23 LIQUID ENGINE COMBUSTION CHAMBER FABRICATION

Tim first two 40K combus_on chambers were received from the trmchine shop along with the 40K combustion

chamber inserts rmmbers 01B and O2B to de placed in the machined chambers. The first two 60K (with a 15

to I expansion ratio exit cone) were tape wrapped and cured and ate ready, to be machined. The extension rods

to complete non-ambient napkin ring testing have been maraffacmred and delivered. Fabncauon of the aft ring
for overwrappmg the !5:1 60K was award_ with a delivery, in March. Ftmashed a copy of the spreadsheet

detailing ovm'wtap thi_ and wind angle to 1L Sullivan, NASA/MSFC ED24. Fast-reslxmse

thnzmaco_les wen_ procured for almciumat to the third 40K tl_ is to be test fared early in March
NASA/MSFC identified top-dead-cemer of the chamber for the precise location of these therrnocouples.

Investigating if vendor supplied data on the EA 9628 adhesive strength is sufficient.

"I'D FPM-25 BANTAM COMPOSITE RP TANK

Revised the drawing for the tank half mand_l to include the change m 6061 alumumm The tank mandrel

prtmmm_nt was awarded. Tlm drawings for the neck tmrdml and flange mandrel are being checkexL Have
start_i work on the design of the drill fixtures for the skirt and nozzle drill fvaares. Have also starma on the

tralr, rial property specimens. Completed fabncanon oftl_ 9" x i" 0 °, 45 ° ana 90 ° tensile spectmens. The 0 °

and 90*compression sample panels along wlth the tensile seam specimen panels have been laid up. Two
canla_rs of Pyromark high temperatu_ paint were deliver_ to Sax_.k Eagineermg who anncipates

deli_ring the autoclave cradle in can'y Ma,mk The mak.lay-up has changed f_m a 4-ply wall thickness with 2

plies laid the length of the tank f_m the skirt to a 6-ply wall thickness with a belly, band m help join the two
halves.

3.0 RECOMMENDATIONS

It is still recoma_nde, d that the new ACES Acraplace fiber placement machine software be leased to tmprove

fabrication capabilities. It is also recommended that the tape laving software be ported to the Silicon Graphics
machine.
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OPERATION/MAINTENANCE OF THE FIBER PLACEMENT MACHENE

AND OTHER RELATED ADVANCED COMPOSITE EQUIPMENT

MONTHLY TECHNICAL STATUS REPORT
MARCH 1997

1.0 INTRODUC_ON

This report samnmnzes the technical program activities on the F_er Placcn_nt Machine tFPM) Operauons

amt_ Project (Contract No. NASA-39749) for March 1997. The following para_m-aphssumnmnzc

the significant accomp_hments during the work period beginning m March. discusses rccornn_ndalions for

MSFC consideration, and lists the upcoming work to be performed in April 1997.

2.0

2.1

2.2

SUMMARY OF SIGNIFICANT ACCOMPLISHMENTS

BASIC MACHINE OPERATIONS

PLASMA COATED FOAM MANDRELS

Discussed with UAH and NASA arc_ on the first overwrapped bottle that showed on up on thermograpi_.'

scans as possessing unevenly distributed chamcmristics. The mgmns showing this were the transitions from
the cylindrical section to tim domes. Tlff could be due to the fact that the hoop plies stop there forming resin

richarms between thehelicalpliesor thattheadhesivefilmpropertiesbecome significantdue tothefactthat

then)am fewer layersof overwrap. Tiff bottlehas been turnedover toNASA toperformNDE and then

cvcnnmllycutthe_ sothatthocross-sectioncan be visuallyexamined. Fabncanon ofthesecondbottlc

ison hold untiltheanalysisofthefirstiscompleted.

NEXT GENERATION SPACE TELESCOPE 0NGST) SUPPORT PLATE

NASA has requestedthatThiokolfabricaman approximntc20-inchdiameter,l-inchtafthoneycomb plateto

be used for the supportstrucnn'efora prototypeNGST normal incidencenurmr. NASA willsupplyd_e

ho_mb and adhesivesforthisproject.An existing21-inchaluminum mand_l from anotherprogram will

be used to fabricate the encapsulating nng to be placed around the core to glve the plate an all graphite/epoxy

shell.

TECHNICAL DIRECTIVE STATUS

"I'DFPM.-01 ABLATIVE COMBUSTION CHAMBERS (FASTRAK)

Waiting request from NASA to bond new 7K liner into repaired canisters.

TD FFM=03 COMPOSITE HYDROGEN DEMONSTRATION TANK

Waitingdelivery,ofthedome sothata centercap/repaircan bcfabricated.

TD FPM-09 ADVANCED COMPOSITE ISOGRID STRUCTURES

Filament wound the third isognd structure. Tiffs pattern hnd axially aligned tows along x_lti_ the i_eLicalpanern

toform the imcrnal gridstructure.This IM7/8552 bolllewas cured in the autoc_'e at 35 psi. Upon

examinmion aftercure,itwas dctcrrmnedthattherewas insufficientcompactionon thea.xmilyalignedtows

priorto overwrap. Tiff isdue to thefactt.hatthesetows are not wound under tenmon iikcthe hoops or

hclicals.Intenncdmm stepsincludingheateddebulksmay bc reqmredtoaidcompacuon ofthea.xtalgridtows

duringprocessingand priortoovcrwrap.
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TD FPM-12 FABRICATION OF COMPOSITE INTERTANK STRUCTURE

Autoclave cured an AS4/3501-6 E-senes panel Panel 2A. Tim AS4/3501-6 H-senes p,'mct was cured ,and

post-cured. Cured the second lwperveloci .tyimpact panel I-tI-2. and received spectmen machining patmm for

this panel. From this panel NASA has requested the fabrication of six 8-inch by 8-inch joint spectmens using
the sp/ic= and bonding techniqtm used to produce the iz_nank. T/x: renmining pane| matenaJ will be cu_ imo

8-inch by 8-inch single panel specimens.

TD FPM-18 SUBSCALE COMPOSITE CRYO-TEST PRESSURE VESSELS

Waiting direction from new NASA principal investigator as to the direction of the remainder of this stuay.

TD FPM-19 FIBER PLACED HONEYCOMB TEST SPECIMENS

No activity..

TD FPM-21 FABRICATION OF COMPOSITE CRYOTANK STRUCTURE

Waiting delivery, of the reqmred mandrel.

TD FPM-23 LIQUID ENGINE COMBUSTION CHAMBER FABRICATION

Fourt:cn EA 9628 ste:l-to-steel button samples were delivered to NASA. The third 40K conmusuon chamber

(co) _ra a tlm.ty second _ f_ing. Fast response tlerrc, ocoupies were placed in five 1ocanons on the
exlm'ior of this chamber. TI= two near the end of the emt cone that wen: to be used for mmsunng air

temperann: were taped to the part by NASA test stand personnel giving a part temperature instead of the
air temperature. This cc has been returned to the PEC. Silica inserts were installed in 40K cc #01 and

cc 02, and they were delivered to NAS for machining. The first 60K was delivered to NAS to machine the

outsi_ diameter for the graphite/epoxy overwrap. The third 60K cc Liner #03 was tape wrapped, vacuum
bagged, and atnoclave cured. Upon removal from the mandreL inspection revealed low resin flow areas m the

forward end of the combustion chamber. The preliminary, investigation did not show any abnormal data on ti_e

processing or cure cycle. The canse and corrective action items on the discrepancy, report/or 60K cc liner _03
will not be completed until a C.T. scan is performed to detematne the extent of the discrepant area. Tape

wrapping has started on 60K cc liner #04

TD FPM-25 BANTAM COMPOSITE RIP TANK

Hand laidand autoclavecured the panels for the throetensileply seam specimens. The specimenswere

and deliveredtoNASA. Alsocuredthepanelsforthecompressionspecimens,thetankwallpomon

oftl_bellyband samplesand the3-dimctaonmnsion buttons.Received drawmg from NASA and generated

procumnmn requestforthe manimle boltring. This ringwillnow be nacchanicaily-fastcn_'dtothe tank.

Submittedprocurementrequestfortheneckand flangemandrelforthetank.Drawin_ fortheskinand neck

drillfixturesalong wlth thestubshafthave been generatedand are inrevlew.

3.0 RECOMMENDATIONS

It is recommended that the tape laving soRware be ported to the Silicon Graplucs mnctune.
recommended tlmt CATIA be purchased so that the new F'PM software can be utilized.

tt is also
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OPERATION/MAINTENANCE OF THE FIBER PLACEMENT MACHINE

.AND OTHER RELATED ADVANCED COMPOSITE EQUIPMENT

MONTHLY TECHNICAL STATUS REPORT

APRIL 1997

1.0 INTRODUCTION

Tltis report summarizes tile technic,"d program activities on the Fiber Placement Maci_ine tFPM/

Operations and Mainten,'mce Project (Contract No. NASA-39749) for April 1997. The following

paragraphs summarize the significant accomplishments dlwing tile work period beginning m

April, discusses recommendations for MSFC consideration, and lists tile upcomtng work to be

performed in May 1997.

2.0 SUMMARY OF SIGNIFICANT ACCOMPLISHMENTS

Received Teclmicat Direcuve FPM-20. Fabncattou of Upperstage L0K Combusuon Chmnt_ers.

NASA/MSFC has been advised that this is outside the authorized scope of the contract and that a

CPFF proposal is forthcoming. A proposal was submitted in the amount of $245,890

2.1 BASIC MACHINE OPERATIONS

NEXT GENERATION SPACE TELESCOPE (NGST) SUPPORT PLATE

Hand laid and autoclave cured two IM7/8552 [0, 60. -60]s skins for the fabrication of the support

plate. Also fabricated an approximate 21 inch diameter IM7/8552 compostte ring that will be
used to enclose the honeycomb core. It was decided to use 108GL/S552 cloth and FM 300-2K to

bond the skins to the core. Designed a cure fixture to align the stainless steel inserts when they

,are bonded into the honeycomb plate. Also designed a fixture for the encapsuiatmg ring to

maintain roundness of the tang to the bottom skin during cure.

2.2 TECHNICAL DIRECTIVE STATUS

TD FPM-01 ABLATIVE COMBUSTION CHAMBERS (FASTRAK/

Waiting for a request from NASA to bond new 7K liner into repaired camsters.

'I'D FPM-03 COMPOSITE HYDROGEN DEMONSTRATION TANK

Waiting deliver3, of the dome so that a center cap/repair can be fabricated.

"I'DFPM-12 FABRICATION OF COMPOSITE INTERTANK STRUCTURE

Completed the intertamk hypervelocity impact specimens. There were a total of !O ,%tnctl b_ ,_-

inch single panels and 6 bonded splice samples fabricated using tile tM7/8552 prepreg tape ana

tile remaining intertartk aItltllinuln core segment. _.tachtned the remamder c,' _he E-series

specimens for tile AS4/3501-6 and BMI systems.
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TD FPM-18 SUBSCALE COMPOSITE CRYO-TEST PRESSURE VESSELS

Awaiting indication from new NASA pnncipal investigator as to the direcuon of the remainder of

this study.

"I'D FPM-19 FIBER PLACED HONEYCOMB TEST SPECIMENS

No significant composite processing activirv.

"I'D FPM-21 FABRICATION OF COMPOSITE CRYOTANK STRUCTURE

Waiting delivery, of file required :mandrel. possibly a foam structure that _all be machined using
the fiber placement machine.

TD FPM-23 LIQUID ENGINE COMBUSTION CHAMBER FABRICATION

Completed autoclave cure on 60K Combustion Chamber Silica Liner #04. This billet showed
some of tile same "'drv'" (limited resin :]owl areas m the forward end as Liner _03. .-k

-carbon/phenolic tape wrap billet was also cured and displayed the same problem. The tape wrap

machine possessed an uneven air temperature distribution from the pre-heat nozzles, causing the

phenolic resin to partially cure along tile edge of the prepreg tape. carbon or silica. :,ISI located

an inoperable control circuit board that controls the l_eat and air flow. repaired it and

reprogrammed tile control parameters. Delivered 60K Liners _02-04 for contour maciaining. "I'he

40K Liners #01 and 2 were returned after the macttining of the second set of silica inserts.
Investigating machine shops to perform both the machining of the 60K silica billets ,as well as tim

machining of the finished combustion ctmmbers. [nvesugating the possibility, of using AS4. the

original overwrap fiber, or T-700 cart)on fiber, which has the same tensile modulus of 33 ksi tim:

the T-300 possesses, to use for the ovenvrap due to the limited availability, of the base::ned T-300.

Submitted procurement requests for 500 lbs of MX2600 silica/phenolic 2.5-inch tape. 1,250 Ibs of

MX2600 silica phenolic 3.5-inch tape and 1.100 Ibs of the T-300 for the ovenvrap. The ,aft

overwrap ring was received from the ntacliiue stiop aRer modifications were made to permit the

ring to be iitserted further mid the exit cone. NASA lias requested that the 60K mandrels be

modified to allow for tag-cuds and that the first three o0Ks be mstnuneuted.

TD FPM-25 BANTAM COMPOSITE RP TANK

Fabricated five tlammability specimens and delivered them :is well as 3-direcuon tension buttons.

Continuing work on belly band specimens. Performed stress analysis on stub shafts. Cure cart

design is being reviewed by Utah stress personnel. Received the neck drill fixture. The skirl drill

fixture and stub shaft procurements were awarded. NASA has requested that modificauons be
made to the cart to allow it to be used for painting tile tank and ,also dunng shipment of the

completed t,'mk to Stennis.

3.0 RECOMMENDATIONS

It is recommended that the tape laying software be ported to the Silicon Graphics mactlme [t is

also recommended that CATIA be purchased so that the txe_ FPM software can 0e uuiized.
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4.0 UPCOMING WORK

4.1 FUNDED AND AUTHORIZED
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i

Approved byt.-- L. I/Pelham
- Program Manager

I WORK ACTIVITY

i Modif"v foam mandrels and wind
t )

[ Fabricate support specimens

I Outline pro aram ob,iectives

] Procure hone,vcomb/pro_ram FPM
I Fabricate tank when mandrel arrives

! Fabricate 60K Liners

) Fab mtl sam_)les. Start tank component fab
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1.0

2.0

2.1

2.2

OPERATION/MAINTENANCE OF THE FIBER PLACEMENT MACHINE

AND OTHER RELATED ADVANCED COMPOSITE EQUIPMENT

MONTHLY TECHNICAL STATUS REPORT

May 1997

INTROD UCTION

This report summarizes tnc tcchmc;.li program actzvittcs ou the Fiber Placement Machine tFPM)

Operations and M:untcn:',ncc Project (Coutract No. NASA-3974t)) lor May 1997 The follo_,vntg

paragraphs sttltlln_lrlzc fi_:.:stgtlttqc:mt :icCO/llpJisitlne1|ts dttrmg the '_,,ork period bcgitmmg 111

May. discusses recottuncn_::tlons tbr MSFC co1_stderation, uztd lists the upcoming _ork to be

performed in Jullc 199-

SUMMARY OF SIGNIFICAN F ALCO?dPLISHSlENTS

A cost plus fixed fee proposal _us cttspatct_ccJ tbr 0oth tile u_crcascca scope :m_a cost grov, ttl

relating to the RP T:mk i:xsk.

BASIC MACHINE OPERATIONS

NEXT GENERATION SPACE TELESCOPE (NGST) SUPPORT PLATE

Tile plate :','::isbonded to_cllxcr :rod 111,,2.':;t,:.iits_.vcrd tlL.:lchtttcd to rite diamelcr of the etlczlpsukttitlg

ring. The cure fixtttrc _::s tabrtc:ucd lot ahgtung tim three stainless slcel mscns during cure.
TiIc three inserts ',yore L_euctcd into the pl;llC :lz't0, the completed plate was dclivcrcct to J Redtrton

of NASA.

TECHNICAL DIRECTIVE STATUS

TD FPM-01 -XBLATIVE COMBUSTION CIIAMBERS tFASTRAK)

Waiting lor a request frcm .NASA io OotK1 nc_,. 7l< liucr into rep:urcd czuusters

TD FPM-II3 (_'OMPOblTE llYDROGEN DEMONSTRATION TANK

Awaiting dclN'e_' of the aotuc so timt a center cap:repmr can be fabrmated.

TD FPM-09 ISOGRID STRUCTURE

Awaiting direction from NASA prmctpal mx csuuulor.

TD FPM-18 5UBS(..\LE COMPOSITE CRYO-TEST PRESSURE VESSELS

AWallillg llldlC.'l|lOl| Ii_.'Hil ;1_'.', N+\SA I)llllCll)_J lit\ c.,,t;g:ltor :l_ _o tt:c dlFCCtlOI1 __I I[1C I';2111:1111 flcr

Of lhis Sltldv.

TD FPM-19 I:IBER I'L.X( ED IIONEYCOSIB FEST SPECi3,1ENS



TWR-68120

3.0

TD FPM-21 FABRICATION OF CO_,IPOSITE CRYOTANK STRUCTURE

Waitiltg acii,,en' of the fe(!tttrc(.l m;marel, pOSSlDl _, ;t i_.):ittl Slr'tlctitrc tl't,3i ",xtil D+ :;!:ict|itlefl USIIHL

tile fiber piacement m;tcitinc.

TD FPM-23 LIQUID ENGINE COMBUSTION CHAMBER FABRICATION

Tiletest"'bt]mblebcebilletcorn:rainy,silicaat_aca_on tapetocheck the wrap ana curewas

cured."Fhisbilletshowca thesame "'low'"Rcsm Flow asOOK #05 ana the ULq_C C:i,'-bonTest

Billet.An infra-recicmnent was t,scdtocheck temperaturedislnbut:onoftileTape Wrap

Machine Nozzleson thenext restbillet.The testbiIlclappearcd toretainInorehe,'IIthan

necessary,so additionalCO_, was uscawhen wrapping fllctlextlCSlbt||ct.The use or"additional

COl cooling resulted in more umlbrm [empermures anti no build-up or residual heat tn the

wrapped billet. Upon cl,rmg thotmiL this new lest billet did :lot look any differen_ titan the

pr_totls one, [tl'Vt.?.Sttg,"lllOli into l[lese wrap atlci cttrc ;tnott|alics is col|tlntli,lff,

Meeting was held _tli_ NASA ._L)OUtthe ttlstrutuclll,'ltzOfi of the first three ,.:t:K C_lilbtlsHotl

Clu'unbers. NASA requcstea th:it tt_crc pc ,";T_.pc S and It> T!.pe N thcrmocotlt)tcs :)scd on e:tcll

cl_amber. The Type S thert;:ocot_otcs _)ti be t1_c [hermocouDic usen closest to ii_c :t_lenor oi lhc

cILamber in the plug confiuurat)on..';ASA is Still requesting t:tg ell(as lot the c,:::mDcrs Occattse

they ,,rill be reqmred for the X-34 NASA has ,Hso requested that li,st response tl'ermocoupies bc
allached to tile 40K eh:tmber m the test stand.

Tile ovenvrap mandrel for tile 6oKs "was received from Sul|ttlt:t Tcchnolo_5

indicated lhaI six nlore springs _,il neecl to bc orclcrecl.

The tcst tit

TD FPM-25 BANTAM COMPOSITE RP TANK

The RP-I tattk ,n;m0rcI was rccctvca and prcparccl for usc. Rccc:vcd stub shafts ,_tm skin dnll

fixlure. Lay-up/curc can drawttLu , has bcen rclcased for cam fabrication .',.lanhoie ettd mmmer

dramng has been subnlilleci for release. Draw, ngs for hub shafts, sactdles. ;rod tile splice rammer

am bcmg produccd. All of lhc sci_cduled bcllv b;ma test specimens |tare ocen t)rov:0cd. Skirt
lay-up ts scheduled to bcgm carp,' _c.'<I momh.

RECOMMENDATIONS

ItiS recommended that the t;lpC I;l?,Hlg SOllWarc Pc pozlcd to lhe _ili¢Oil Grapk_cs ;_i:lchine. !t is

also recom,uendcd th;ll CATIA bc pt)rchasccl so thilt Ihe tic,.,, FPM solUAitrc C::ll bc ullti/, rd.

Cincin,mt_ Milacro. l.,s alrcact!,' gclterillec1 lhc rcq._recl processor For Ittc FPM io work w,lt]
CATIA.
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4.0

4.1

UPCOMING WORK

FUNDED AND AUTIIORIZED

TD i PRIORITY APPLICATION
i

FPM09 i Med Isoend Cylinders

F'PMi2 ! Med h)lenank Slmclure

FPMI8 i Lmv

FPMI9 i Lois

FPM21 [ Low

FPM23 [ Hieh
i

FPM25 ] Hi_,h

:_A_prm'ed by: L.I. Peilmm

- Progr:lnl ,'M;m;wcr

Com_s*le PVs
Fibemll,ced Specimens

Composite Crvotank

Liq Comb Chambers

Coml)osire RP-I Tank

! WORK ACTIVITY

i ModifY,, foam manarcls :mci wind

i Fabricalesupports))emmens
i l

I Ouflmc program ob)ectlvcs,
(Procurc honcvcomblpro_mm r'-PM

)

i Fabricate titltk when mandrel amvcs

t Fabricate 60K Liners

) Fabricate tank skirt
i
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- OPERATION/MAINTENANCE OF THE FIBER PLACEMENT MACHINE
AND OTHER RELATED ADVANCED COMPOSITE EQUIPMENT

MONTHLY TECHNICAL STATUS REPORT

June 1997

1.0

2.0

2.1

2.2

INTRODUCTION

This report summarizes the technical program activities on the Fiber Placement
Machine (FPM) Operations and Maintenance Project (Contract No. NASA-
39749) for June 1997. The following paragraphs summarize the significant
accomplishments dunng the work period beginning in June, discusses
recommendations for MSFC consideration, and lists the upcoming work to be
performed in July 1997.

_SUMMARY OF SIGNIFICANT ACCOMPLISHMENTS

BASIC MACHINE OPERATIONS

TECHNICAL DIRECTIVE STATUS

TD FPM-01 ABLATIVE COMBUSTION CHAMBERS (FASTRAK)

Waiting for a request from NASA to bond new 7K liner into repaired canisters.

"rD FPM-03 COMPOSITE HYDROGEN DEMONSTRATION TANK

Awaiting delivery of the dome so that a center cap/repair can be fabncated.

TD FPM-09 FABRICATION OF COMPOSITE ]NTERTANK STRUCTURE

Waiting on NASA pnncipat investigator to dictate pnority on remaining suDport
specimens.

TD FPM-18 SUBSCALE COMPOSITE CRYO-TEST PRESSURE VESSELS

Awaiting indication from new NASA principal investigator as to the eirection of
the remainder of this study.

TD FPM-19 FIBER PLACED HONEYCOMB TEST SPECIMENS

No significant composite processing activity.

TD FPM-23 LIQUID ENGINE COMBUSTION CHAMBER FABRICATION

The low resin flow condition witnessed on the 60K Liners #03 and #04 was

attributed to the tack of a sufficient seat against the pressure, 150 psL employee
during autocJave cure. This problem was corrected by replacing :_,e stainiess



3.0

steel boltsused on the mandreland placingan extraseatof RT'v'siliconeon the

mating surfaces of the mandrel. Liner #05 was tape wrapped and vacuum
bagged for autoclave cure. Determined that the chamber can be baked at

530°F to aid separation of the flange from the chamber. The flange from 40K
#03 was removed, using this treatment, so that it can be placed on one of the
60K chambers. The first flange received from Summa Technology for the 60Ks
possessed too small of internal diameter and will be machined to drawing
requirements by NASA. A pin ring disk was fabricated to help ensure vacuum
bag integrity during the oven cure of the overwrapped chambers.

Plies were cut for a 10" x 12" silica/phenolic test panei that will be delivered to
Southern Research Institute for elevated temperature material testing. Five hot

gas specimens were machined from the remaining exit cone material from the
first full-size combustion chamber. Also, machined tensile button samples from
this exit cone. Five of these buttons were exposed to ambient, ancl then five

each at temperatures of 300°F. 500°F, and 800°F for a pedod of 20 minutes.
These were delivered to NASA along with a 20-Dly EA 9628 panei to De usecl for
Dynamic Mechanical Analysis (DMA) specimens. T300/828-W _reoreg tape was
generated for the overwrap matenat shear (_GI_) property samptes. Four
balanced-ply laminates were hand-laid and oven cured from this matenal. These
panels were tabbed using 0.090" carbon/epoxy bonded on with EA9394. The
panels were machined and the ASTM D3518 specimens delivered to NASA.

"I'D FPM-25 BANTAM COMPOSITE RP-1 TANK

The T650/UF 3325 composite skirt was autoclave cured and removed from the
tool. O-rings for the neck and neck flange mandrels were fabncated for use on
full half-tank mandrel assembly. The first tank half was cured and removed from
the tool. NASA had requested more samples for testing the belly band splice
and a panel for these samples was cured with this first tank half. The segments
for the composite baffle vane production were hanoi laid, autoclave cured and
delivered to the machine shop. The center sptice support to be used to position
the tank halves concentric during joining was received. NASA decided to
fabncate the saddles for the lay-up cart, the manhole tank half trimmer and the
tank splice trimmer in-house. The hub shaft design and analysis was completed
and a procurement issued for the fabrication of two shafts.

RECOMMENDATIONS

It is recommended that the tape laying software be ported to the Silicon
Graphics machine. It is also recommended that CATIA be purchasect so that the
new FPM software can be utilized. Cincinnati Milacron has already generated
the required _ost processor for the FPM to WOrKwith CATIA.



4.0 - UPCOMINGWORK

4.1 FUNDED AND AUTHORIZED

TD

FPM00 i Med
FPM09 Med
FPM12 Meal

FPM 18 Low
FPM19 Low

1

FPM23 High

FPM25 High

PRIORITY APPLICATION
Basic Effort

Isognd Cylinders
Intertank Structure

Composite PVs
Fiberplaced Specimens

Liq Comb Chambers

Composite RP-1 Tank

WORK ACTIVITY

Fiberplace LOX tank
Machine foam mandrels and wind

Fabricate support specimens
Outline program 'obiectives

Procure honeycomb/program FPM
Fabricate 60K Liners

Fabricate tank halves

Approved by: -"'_ ";",=(

_-_rry-I. Pelham
Program Manager
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OPERATION/MAINTENANCE OF THE FIBER PLACEMENT MACHINE

.-kIND OTHER RELATED ADVANCED COMPOSITE EQL'IPMENT

MONTHLY TECHNIC.&[, STATUS REPORT

September 1997

1.0 INTRODUCTION

2.0

This report summarizes the technical program activities on the Fiber Placement Machine IFPM)

Operalaons and Maintenance Project IContract No. NASA-39749_ for July 1997. She followme

paragraphs summarize the slgmficant accomplishments dunng the work _enod beglrmmg in Julv.

discusses recommenaations :or MSFC :onslderanon. and lists the upcoming work to be

performed in September i 99-,

SUMMARY OF SIGNIFICA.\T ACCOMPLISHMENTS

In support of NASA's m house ettbrt for the reusable {auncn t emcie program. Composite

Technology has completed oven cure of Liquid Engine Combusuon Chamber 00K#04 and

autoclave cure of Liquid Engine Combusuon Chamber Liner 60K#07 Fifty-two chambers will be

fabricated for this project.

As part of NASA's Bantam progam, we are under contract to fabricate an RP-1 tank for the

Bantam Propulsion Test Amcte (PTA). Prior to bonding of the two tank halves it was discovered

that the cylinder secnons of the two tank halves were porous and permeable. Investigation

identified three possible causes of the permeability. NASA decided to correct the problems and
rebuild the tank components. The two tank halves and the skirt have been rebuilt.

Dispatched a proposal in rest_onse to rechmcai Direcm'e FPM-23R4 rbr the fabrication of _,4
additional 60K combusuon chambers.

2.1 BASIC MACHINE OPERATIONS

FIBER.PLACED LIQUID OXYGEN (LOX) TAaNK

In support of the basic operations of the Fiber Placement Machine IFPM'I contract. Thiokol is

performing tasks required for the fabrication of a honeycomb composite Liquid Oxygen tank.

Concluded work includes fiber placement of a carborvepoxy outer skin on a demonstration unit to

be used as proof-of-concept aracle. Presemty, we are working with Cinctrmati Milacron to

generate the programs tbr _he production of the LOX tank and investzgating the fabncatmn of a

second demonstration articIe ,,vtth both the inner and outer skins being fiber piaced.

2.2 TECHNICAL DIRECTIVE STATUS

TD FPM-01 k.BLATIVE COMBUSTION CHAAIBERS (FASTRAK)

Waiting for a request from NASA to bond new 7K liner into retm_re= =amsters.



TDFPM-03 COMPOSITE HYDROGEN DEMONSTRATION TANK

Waiting delivery of the dome so that a center cap/repair can be fabricated.

TD FPM-09 ISOGRID STRUCTURE

Waiting direction from NASA pnmary mvesngator on investigation.

TD FPM-12 FABRICATION OF COMPOSITE I*'TERTANK STRUCTURE

Waiting on NASA principal invesn_ator to dictate .cnoriw on remaining support s_eclmens.

TD FPM-18 SUBSCALE COMPOSITE CRYO-TEST PRESSURE VESSELS

Waiting indication from new NASA principal invesngator as to the direcnon of the remamder of

thin study.

TD FPM-19 FIBER PLACED HONEYCOMB TEST SPECIMENS

NASA pnncipai invesngator :s de:e.."m.:n:ng specimen deslgn.

TD FPM-23 LIQUID ENGINE COMBUSTION CHAMBER FABRICATION

The 40K Combustion Chambers _=l&#2) that were test fired have been returned to the PEC.

Performed free-standing post cure on 60K#01 and oven cure of overwrap on 60K#02.

Overwrapped liner and oven cured 60K#04. Autoclave cured 60K Liner _,07 (fill length 30 to 1).
Liner and mandrel were delivered to NAS for contour machining. Received 60K Liner .=,05which

was mated with Flange =05 and placed in the Entec Horizontal Winding Machine. Developed.
after several trial iterations, a new pattern for this chamber with the actuator attachment region.

This pattern will be used to overwra= Liner ._05.

The panels that wdl be used to produce the carbor_epoxy overwrap spemmens were hand laid

using the T300/828-W prepreg. NASA wlil approve the cumng pians and the samt_les will be
machined to Southern Research tnsnmte s_ectficanons.

TD FPM-25 BANTAM COMPOSITE RP-1 T.MNK

Prior to bonding the tank halves _t was discovered that the cylinder secnons of the two tank halves

were porous and permeable. TIa'ee potential causes for the porosity, were Identified and corrected.
The tank halves and the skirt have been remade. All pieces show no evidence of excessive

porosity, or permeability.

3.0 RECOMMENDATIONS

Software Activities

It is recommended that the taoe laying software be ported to the Silicon Graphics machine.
atso recommended that C.\TL_ be =urcflased so that the new FPM sot>rare can be uniized.

It is



4.0

4.1

_'PCOMING WORK

FUNDED AND AUTHORIZED

"I'D j PRIORITY I APPLICATION i WORK ACTIVITY

FPM00 i Med I Basic Effort Fibemiacc LOX tank_demo

FPM09 I Low i Isom-ld Cylinders
i

FPM12 1Low I Interta_ Structure

FPM 18 i Low j Composite PVs

FPM19

FPM23

FPM25

i Fibe_iaced Specmaens

Machine foam mandrels ana wma

Fabricate support spectmens

Outline prom'am objectives

} Low Procure honeycomb/program FPM

I High ! Liquid Comb Chambers Fabricate 60K Chambers
! High t Composzte RP- 1 Tank Assemble tank and bond components

Program Manager
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OPERATION/MAINTENANCE OF THE FIBER PLACEMENT MACI=f_E

AND OTHER RELATED ADVANCED COMPOSITE EQUIPMENT

MONTI_Y TECHNICAL STATUS REPORT

November 1997

1.0 INTRODUCTION

This report summarizes the technical program activities on the Fiber Placement Machine (FPM)

Operations and Maintenance Project (Contract No. NASA-39749) for November 1997. The

following paragraphs summame the significant accomplishments during the work period

beginmag in November. discusses recommendations for MSFC consideranon, and lists the

upcoming work to be performed in December 1997.

2.0 SUMMARY OF SIGNIHCA_NT ACCOMPLISHMENTS AND EVENTS

On November 5, 1997. a NASAJMSFC 60K composite combusnon chamber t60K01) fabricated

by Thiokol Science and Engineering Huntsville Operations failed during the chamber's second

test in MSFC East Test Stand 116. The low--cost combustion chamber was produced for the

NASA/MSFC Factrac Engine Program. The thrust chamber assembly consists of a one piece

composite chamber, throat and exat cone. The contoured assembly is manufactured by tape

wrapping with silicaJphenolic, autoclave curing, contour machining, over-wrapping with a

f'flament wound carborgepoxy structural shell and oven curing. The failure occurred in the

silica/phenolic liner and in the bond line between the carbowepoxy structural over-wrap and the

liner.The initialfailureoccurredinthesilicalinerapproximatelytwo inchesaR ofthethroatarea

along the ply surfacearound the circumferenceof the liner.Then the bondline between the

carbon/epoxyover-wrap tothesilicalinerfailedcausingthe exitcone portionof the linerto be

ejectedfrom the teststand. MSFC Cenmr Director,Dr. Wayne Littlcs,appointedFrank Key,

Deputy DirectoroftheMaterialsand ProcessesLaboratory.,tohead a failureinvestigationteam.

Due to the test failure of a Thiokol-fabricated cornbusnon chamber, a letter was dispatched to the

Contracting Officer advising that we will continue to support the mvestigauve efforts m the short
term based on the assumption that said costs are allowable. NASA,qviSFC was advised that a

long-term, intensive invesugation on Thiokol's part would reqmred a contract adjus_nent. A

unique work order has been established to accumulate said labor charges.

Received Modification 26. adding $40,000 in incremental funding.

2.1 BASIC MACHINE OPERATIONS

SEMI-CONFORMAL MINI TANK

NASA was given a schedule for the Fiber Placement Machine (FPM) tasks reqmred to produce

the Semi-Conformal Mini Tank. Completed machining of the Setm-Conformal Mini Tank

(SCMT) foam mandrel. The program was offset -1.5" in the longitudinal axis from the original

alignment point due to the supplied mandrel being a shorter length than indicated on the model

used for the program. The customer requested that this modification be made. The component
was then delivered to the customer. The dome contour on the Semi-Conformal Mini Tank

(SCMT) mandrel produced from the FPM rouuag does not match templates produced from



CATIA part flies. The coordinate measuring machine is being used to determine me machined

dome geometry, to determine the source of the discrepancy.

Cincinnati Mflacron (CM) has indicated that there is msufficiem mformanon on the supplied

CATIA models to determine the drop-off Iocauon at each end for the interior plies of both the
inner and outer skin for the SCMT. NASA has been made aware of this simanon and is m the

process of printing hard copies of the latest CATIA models for Thiokol.

2.2 TECHNICAl., DIRECTIVE STATUS

TD FPM-23 LIQUID ENGINE COMBUSTION CHAMBER FABRICATION

The silica/phenolic billet for combnst_on chamber v12 has been tape wrapped. The additional

cured silicalphenotic test panei to support the structural testing requested by Southern

Research(SORI) has been shipped.

Bondlme testing will be done to evaluate secondary, bonding to the combustion chambers. Two

T-300/828-W test panels have been cured and are ready for delivery, to the machine shop to

produce carbowepoxy-napkin ring samples. More T-300/828-W prepreg tape will be produced

for the carbon/epoxy double lap shear and tensile button samples. The silica/phenolic samples axe

being machined. The silica/phenolic octagonal filament winding mandrel has been machined and

is ready for testing the feasibility, of a carbowphenoiic overwrap for the combustion chambers.

The overwrap on Combustion Chamber 60K #007 was oven cured. There was a recordable

vacuum drop during this cycle and a formal discrepancy report will be generated documenting it.

TD FPM-25 BANTAM COMPOSITE RP-I TANK

The alteration to the RP Tank feedlme nozzle has been completed. When the tank was filled for

thesecond pressuretest.the gasketatthe manhole end of the tank failedto seal. NASA has

requested that Thiokol bond the umer bolt ring to the tank manhole. This will eliminate the need

for a gasket at the mannole end. NASA has requested ten double-notch shear samples and five

short-beam shear samples. A .250-thick panel is in the machine shop.

3.0 RECOMMENDATIONS/GENERAL ACTIVITIES

Software

It is recommended that the tape Iaymg software be ported to the Silicon Graphics machine.

CATIA has been purchased and installed. Training on CATIA and the new Cincmnan Milacron
Acraplace software should be purchased to ensure maximum use of the Fiber Placement

Machine's capability.

4.0 UPCOMING WORK



4.1 FUNDED AND AUTHORIZED

TD I PRIORITY [APPLICATION [ WORK ACTIVITY

FPM00 j High Basic Effort [ Fiberpiace dcmo/Rout foam mandrel
I

FPM23 ! High Liquid Comb Chambers t Support failure mvesugauon

fi m5 'LHigh Composite RP-I Tank ISupporttanktcsungand delivery.

Approved
bYs_'I..:- " I. Pe_

Program Manager
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OPERATION/MALNTENANCE OF THE FIBER PLACEMENT MACHINE

AND OTHER RELATED ADVANCED COMPOSITE EQUIPMENT

MONTHLY TECHNICAL STATUS REPORT

December 1997

1.0 LNTRODUCTION

This report summarizes the technical program activities on the Fiber Placement Machine tF'PM)

Operations and Maintenance Project (Contract No. NASA-39749) for December 1997. The

foUowmg para_m'aphs sunnnanze the significant accomplishments during the work period
beginning in December. discusses recommendations for MSFC consideration, and lists the

upcoming work to be performed m January. 1998.

2.0 SUMMARY OF SIGNIFICANT ACCOMPLISI_IENTS .4aND EVENTS

Thiokol is contmum_ to support the mvesngauon by providing the mformauon to the

investigating board as requested. NASA has developed a test matrix for the mvesugauon. Tests

are being done on eight different sets of tag-end specmaens as well as five sets of test panels.

Thiokol is responsible for sectioning f'tred hardware, fabricating test panels, machining test

Sl_Cimens and tag ends, and testing mechanical propemes. In an attempt to better understand and

strengthen the bond-line between the silicaJphenolic and the graphitevepoxy, the invesugatimg

board had us overwrap an existing liner. The process was modified m an attempt to provide the
strongest bond-line. After the part was removed from the mandrel, cracks were identified m the

silica/phenolic at the throat. The suspected cause of the crack is the stress reduced by thermal

mismatch between the silica and the graphite.

2.1 BASIC MACHINE OPERATIONS

SEMI-CONFO_ MINI TANK

The fiber placement machine programs for fiber placing the m_er and outer sk.ms of the two foot

demonstrauon cytmder were generated. The 6-ply [90, -'30. -30Is tuner and outer skins were fiber

placed using the hM7/1522 slit tape and the part was turned over to the customer.

2.2 TECHNICAL DIRECTIVE STATUS

TD FPM-23 LIQUID ENGINE COMBUSTION CHAMBER FABRICATION

At the direction of the NASA investigation board. 60K #12 has been fabricated m an attempt to

provide the strongest bondline possible. The liner was run through a dry. cycle on the overwrap

mandrel, overwrapped, and cured. After the part was removed from the mandrel, cracks were

identified in the silic_.'phenoiic at the throat. The suspected cause of the crack is the stress

induced by thermal rmsmatch between the silica and the graphite.



60K#01 FAILURE INVESTIGATION

Two 7.6 m. diameter silica/phenolic cylinders have been tape wrapped and cured. These cylinders

will be machined and overwrapped vclth carbowepoxy to simulate the stresses m the 60K chambers.

The retention is to continue fabricating cylinders to evaluate different processing conditiom and
materials.

NASA's original test matrix for the 60K failure mvesugation scheduled eight different sets of tag-

end spectmens as well as 5 sets of test panels. Thiokol is responsible for fabricating test panels.

machining test specimens and tag ends. and testing mechanical pmpernes. All the test specimens

from the original test matrix have been fabricated and machined. Sectioning of fired hardware is

continuing.

TD FPM-2S BANTAM COMPOSITE RP-1 TANK

When the tank was filled for the second oressure test. the gasket at the manhole end of the RP-1

Tank failed to seal. NASA and Thiokol-SEHO have created a raised area on the reside and

oufside of the composite manhole using EA9394. The bolt ring wall now be seaied to the raised

areas using polysulfide.

3.0 RECOMMENDATIONS/GENERAL ACTIVIiI_S

Software

It is recommended that the tape laying software be ported to the Silicon Graphics machine.

CATIA has been purchased and installed. Training on CATIA and the new Cincmman Milacron

A_aplace software should be purcl'tased to ensure maximum use of the Fiber Placement

Mackine's capability.

4.0 UPCOMING WORK

4.1 FIYNDED AND AUTttORIZED

i

TD [ PRIORITY [APPLICATION

FPMO0 iHigh IBasic Effort ,

FPM23 I High } Liqmd Comb Chambers

rpm5 I High }CompositegP-i

Program Manager

I WORK ACTIVITY
t

FibcrpiacedemoIRout foam mandrelSupport failure mvesugauon

} Support tank testing and delivery. ,
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OPERATION/MAINTEN.AaNCEOFTI_ FIBERPLACEMENTMACHINE

AND OTHER RELATED ADVANCED COMPOSITE EQUIPMENT

MONTHLY TECHNICAL STATUS REPORT

January. 1998

1.0 INTRODUCTION

This report summarizes the technical prom'am activities on the Fiber Placement Machine (FPM)

Operations and Maintenance Project (Contract No. NASA-39749) for January. 1998. The
following param'aphs smmnar_e the significant accomplishments during the work period

beginningm January..discussesrecommendations forMSFC consideranomand liststheupcoming

work tobe performed inFebruary1998.

2.0 SUMMARY OF SIGNIFICANT ACCOMPLISHMENTS AND EVENTS

Thiokolisconunumg to suppor_me oOK liouidengme combustion chamber mvesuganon. NASA

has transitioncdtheInvesuganngBoarcitoa TigerTeam. The TigerTeam wdl be responsiblefor

evaluatingmatenais and processchangesand trnpicmennngthecorrectfix.Thiokolisresponsible

forfabricationofany requiredtestpanels,machining of testspectrnensand tag ends.and testing

todeterminemechamcal properues.

During testing, the composite RP-I tank failed at the belly band. The failure occurred at 109 psi

which is 147% of the design pressure and 98°/0 of the intended maximum test pressure. An
investigation has been initiated by NASA. The full size and scope of this investigation has not

been determined. Thiokol will fabricate test samples m support of the mvesngation.

2.1 BASIC MACHINE OPERATIONS

CONTRACTUAL ACTIVITIES

Modification 27. authorizing and defmitmmg Techmcai Directive FPM-23P.3. Insmunentation of

60K Chambers. was fully executed adding $32.706 to contract value. Negotiation of the proposal
for Technical Directlve FPM-23P,4. Fabricauon of 34 Additional 60K Chambers. was completed

in the amount of 52.112.677 (cost = _.1.965.236 and fee = $147.441). Negotiation confm'nauon

and Certificate of Current Cost or Pricing Data has been delivered to NASAJ,%ISFC.

NASA/MSFC's Bill McMahon requested a ROM esumate for the fabrication and machining of 60

15-inch by 10-inch panels. The panels will produced using 3" IM7/8552 tape, possess a quasi-

isotropic layup and be a rmmmum of 12 plies thick.

SEMI-CONFORMAL MINI TANK

Downloaded the tiber placement machine programs for the Serm-Conformai Mini Tank (SCMT)

from the Cincinnati Milacron (CM) web site. The inner mold line program will be modified and

then loaded onto the FPM for performing a dry. run. CM indicated that both the inner and outer

mold line programs for the SCMT will use eight tows with a bandwidth of 1.016 inches. The

overlap was set at 0.5 to mmuTLize gaps m the regions where tows will be dropped. The Setm-

Conformat Mini Tank will be fiber placed using the IM7/1522 matenai.



2.2 TECHNICAL DIRECTIVE STATUS

"I'D FPM-23 LIQUID ENGENE COMBUSTION CHAMBER FABRICATION

All combustion chamber operations are being performed under the direcuon of the o0K -01

failure imitative unul directed otherwise by NASA. Waiting on revised drawings of the

combustion chamber for designing a thrust vector control bonding t-Lxture.

60K #01 FAILURE INVESTIGATION

Completed tape wrap of 60K liner #13. started tape wrap of 7.6-inch diameter stmulanon billet.

completed overwrap cure of 60K #08. worked fault tree closures relevant to adhesive film

performance, and collected digital images to be placed on the nrneline generated for the 40K.s and

60K #01 processing.

Test Specimen Fabricauon
Thiokol/SEHO is fabricanng test paneis, machining test specimens and tag ends. and tesung

mechanical propernes for the 60K failure mvesugauon. Chamber 60K #4 has been secuoned at
0_. 90 °, 180 ° and 270 ° and bondline samples from it tested. A rmcroscopy sample was also

machined from this chamber. Secuonm_, of 60K #12 has been completed. Teusiie buttons and

double notch shear samples from the 00K #12 bondlme were machined and delivered. Three

more double notch shear samples from the 60K #12 witness panels have been machined. The cut-

off exit cone portion of 60K liner #07 was cut into four-inch rings for dry. cycle testing. Some of

the rings were cut prior to exposure to dry. cycles. A test method was set up with the ring being

clamped in one Iocauon and a hanging scale used to reglster load required to produce enough

extension m the ring to release a saw blade that was placed in the area that was cut. All of the

rings required more load after the dry. cycle to produce the same deformauon. Test panels have

been laid up and cured to demonstrate the effect of a rubber shear ply on the bondline propernes.

SCI008 phenolic resin was used m these panels to bond the rubber to the silica phenolic. Tensile
buttons and double notch shear samples from these panels have been delivered to NASA and

tested. Panels were laid up to test the effect of a thicker rubber shear ply(.090 in.) on the bondline

between the silica/phenolic and the carbon/epoxy overwrap. SC1008 phenolic resin was also used

in these panels to bond the rubber to the silica/phenolic. Tensile buttons from these panels have
been delivered to NASA. A silica filled NBR sample has been ordered to evaluate the use of a

.NBR shear ply between the silica/phenolic and the carbon/epoxy overwrap. NASA has requested
tensile buttons to evaluate the effect of a new mat blasting media. Biasil TM. on the bonding or" the

flange. Zixclean TM is presently used but the manufacture has stopped producing It. The Reusable

Solid Rocket Motor programs are having to make this change as well and Biasil TM is the leading

replacement candidate. The first set of tensile buttons was delivered this week. Another set of
tensile buttons is being bonded to evaluate the effect on the silica,'phenolic to stainless steel bond.

For the evaluation of a fiberglass/epoxy overwrap, E-glass fiberglass/epoxy prepreg was produced

and staged for 5 days. Also for the evaluation of a fiberglass/epoxy overwrap, $2 fiberglass was
ordered. Prepreg resin flow tests were completed on the silica/phenolic (F_erite MX-2600_ bias

tape used m the fabricauon of the 60K liners and compared with the resin flow on BP Chermcal Co.
(FM5504) 3.5-inch bias tape that was left over from the fabrication of the 40K liners. The recently

received MX-2600 averaged 12.5% and the FM-5504 averaged 14.6 %.

Liqmd Engine Combustion Chamber Status
Generated and presented closures to the NASA 60K board for fault tree 1terns re_ardmg _he

manufacture of 60K #01. Completed tape wrap and vacuum bagging of 60K liner =!3. l'i'he

modified autoclave cure cycle with the stxess relief armeaiing step was performed on 60K-13 and

7.6" cylinder billet #4. The vacuum bag was removed from 60K-13 and the billet visually msuec:ed.
No defects or anomalies were found and the billet is ready to be contour machined for the

carbon/epoxy overwrap. ._lachined 0.5" off the end of 60K Liner =08. performed dry" cvcle.



o.verwrapand oven cure of 60K #008. Upon completion of cure. 60K #008 showed only hairline
cracks visually and by computed tomom-aphy (CT). Provlded the NASA Propulsion System Team

with the cure chart and thermocouple location for the 60K # 008 overwrap cure. 60K #008 was

then delivered for cold flow testing where it was exposed to approxzmatcly -85°F. Liner 60K #09

was placed through CT. solvent wlped, alcohol wiped and placed in a Blue M oven and the dry.

cycle performed. Flange #I I was primed m preparation for use on this chamber. All processing
of 60K #009 was suspended when cracks were identified on 60K #008 post-cold flow testing.

Based on this event, the NASA "Tiger Team" has decided to focus on production of overwrapped

silica-phenolic cylinders that model the throat of the combustion chamber.

Combustion Chamber Throat Cylinders

Autoclave cured two 36 inch, MX 2600 (silica/phenolic), test billets using 7.6.inch diameter

mandrels and 2.S-inch tape wrapped at a 40-degree ply angle. These silica-phenolic cylinders are

machined m an outside diameter of approximately 9.4 inches. This models the thickness of the

MX-2600 in the tltroat of 60K #001. The fu-st two MX 2600 cylinders billets were overwrapped

with the T300/828-W material. These cylinders were processed using the same dry and cure

cycles as 60K #012. The fast cylinder was 18" in length and filamem wound with a wind angle
of 77 ° to a ply thickness of 0.75" After the cytmder was cured, two inches were cut off of each

end. After the fast end was cut off. an axial crack in the silica phenolic was noticed. A 36"

cylinder was wound with a 17 ° wind angie to a 0.125-inch thickness. Completed tape wrap of a

18-inch bidet (Cylinder _3) using the remaining BP Chetmcai FM-5504 silicaJphenoiic tape used on

the 40K Liner billets. Cylinder _3 autoclave cured using the original 60K cure cycle and then

machined. It was then inspected with CT and is being run through the dry. cycle. Tape wrapped a

4(Ndegree ply angle 7.6-inch diameter test billet (Cylinder r-4] with MX-2600 silicaJphenolic material

that was subjected to the modified cure cycle along with 60K #13 combustion chamber billet. This

silica/phenolic billet was machined into three 12 inch cylinders, 4AAB,and 4C. Cylinder HA, the

fn'st 12" cylinder representing this modified cure cycle, was inspected using CT, overwrapped

with T300/828-W and oven cured. This cylinder also possessed axial cracks when the ends

where machined off. Another 7.6" billet (Cylinder #5_ was rope wrapped with MX-2600 material

and caxred along with the FM,5504 (old material] billet .---3using the original 60K cure cycle. Two

more cylinder billets (_6 and #7) have been tape wrapped using MX2600 material.

TD FPM-25 BANTAM COMPOSITE RP-1 TANK

Thiokol and NASA have completed the adjustments necessary to eliminate the gaskets at the

manhole end of the tank. NASA's stress analysis o_ the composite nozzle flange showed a
negative margin caused by the weight of the feedline. NASA evaluated the options to alleviate

the stress and decided to support the feedline at the test stand to alleviate the stress pertmttmg the

pressure test to be rescheduled. During the pressure test. tee RP-I Tank failed at the belly band.

The failure occurred at i09 psi which is 147% of the design pressure and 98% of the intended

maximum test pressure. A failure investigation has been initiated by NASA. The size and scope

of this investigation has not been determined. Thiokol wdl fabricate test samples in support of the

investigation.

3.0 RECOMMENDATIONS/GENERAL ACTIVITIES

Software

It is recommended that the tape laying software be :orted to the Silicon Graphics machine.

CATIA has been purchased and installed. Training on CATIA and the new Cincmnau Milacron

Acraplace software sI_ouid be purchased to ensure .'v.axtmum use of the Fiber Placement
Machines capability.



4.0 UI)COMING WORK

4.1 _ED AND AUTHORIZED

TD [PRIORITY [APPLICATIONFPM00 High I Basic Effort

FPM23 I High ! Liquid Comb Chambers
FPM25 iHigh t Composite RP-I Tank

Program Manager

I WORK ACYIVITY
) F_e_lace SCMT

t Support Chamber lnvesugauon

J Failure LuvesUgauon/Fab samples
i
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OPERATION/MAINTENANCE OF THE FIBER PLACEMENT M.ACIIINE

AND OTHER RELATED ADVANCED COMPOSITE EQUIPMENT

MONTHLY TECHNICAL STATUS REPORT

February. 1998

1.0 INTRODUC_ON

This report summanzes the technical pro m'am acuvities on the Fiber Placemem Machine (FFM_

Operanons and Maintenance Project (Contract No. NASA-39749) for February. 1998. The

following paragraphs summarize the significant accomplishments during the work period

beginning in February,, discusses recommendations for MSFC consideration, and lists the

upcoming work to be performed in March 1998.

2.0 SUMMARY OF SIGNIFICANT ACCOMPLISHMENTS AND EVENTS

Thiokol is continuing to support the o0K liquid engine combusnon chamber mvesuganon bv

providing tm_ormanon to the NASA Tiger Team as reauested. This includes cylinder fabncauon
to simulate the combusuon chamber throat condition and flat panels for bondline testing.

Thiokol is supporting the composite PP-I tank failure mvesugauon. Specu'neus were fabricated
that modeled the belly band bondline for the test article.

2.1 BASIC MACHINE OPERATIONS

SEMI-CONFORMAL 3HNI TANK

The Semi-Conformal Mini Tank (SCMT_ mandrel was loaded into the fiber placement machine
and a trial run performed. The program was offset in the x-axis to ensure the machine would not

make contact with the mandrel. The program successfully followed the contour of the mandrel.
The SCMT fiber placement has been delayed until completion of mating hardware. Compiled

process documentation for the SCMT foam mandrel machining and delivered the quality records

to MSFC. The quaLi .ty records included the shop traveler, a List of FPM trained personnel, and an

operational procedure. MSFC has also requested a preliminary schedule for fiber piacemem
activities related to the SCMT.

2.2 TECHNICAL DIRECTIVE STATUS

TD FPM-23 LIQUID ENGINE COMBUSTION CHAMBER FABRICATION

A preliminary drawing has been generated for the combustion chamber thrust vector control

bonding fixture. MSFC requested that this bonding fuxmre generated for the combustion chamber
thrust vector control also locate the G-G attachment in the throat. The necessary, design

modifications were included and a procurement request was subtmrted for the fixture. Th/okol

Drawing #IT720001. These drawings are being checked to determine if the tolerances will meet

engine build-up requirements prior to award of procurement. A lift procedure for the combustion

chamber and flange using the forklift in the winding lab was _Titten and is being reviewed for

signatures. Delivered the combustaon chamber overwrap process shop travelers, which included

cure charts and material cernficates or" conformance, on completed chambers to MSFC.



T_st Specimen Fabricauon
MSFC requested tensile buttons to evaluate the effect of a new gm blasting media. BiasiiD TM. on

the bonding of the flange. Zirclean TM is presendy used. The second set of tensile buttons that was

bonded to evaluate the effect on the silicaiphenolic to stainless steel bond was delivered. Test

results show no significant difference between Zirclean TM and Biasill TM. The use of a silica-filled

NBR shear ply between the silica/phenolic and the carbon/epoxy overwrap is also being
evaluated A roll of 0.030" CDS10044A NBR was obtained from Thiokol/TYtalx Tensile

buttons(3.5 in.) have been fabricated and delivered to MSFC to evaluate co-curing of one layer of

CDS10044A NBR with the overwrap. This test yielded poor results so a new set of buttons were

fabricated to test 0.030 inch pro-cured NBR in the bondlme and also to evaluate the effect of a

higher pressure. Tensile buttons were fabricated and delivered to MSFC to test pro-cured 0.120 in.
thick NBR in the bondlme. Tensile buttons were machined from Cylinder IB and 2 locauous in

Cylinder 6B to test the bondline. These cylinder buttons have delivered to MSFC. Four sets of

three test samples have been requested to evaluate Zentron TM material propernes. Four test panels

were fabricated to produce the Zentron TM fiberglass material property, specimens.

Liquid Engine Combustion Chamber Stares

(>OKCombusnon Chamber r_05 has been machined for an insert m the forward end and was picked

u9 from 4705 machine shop aiong with the insert. The insert was bonded m and will be delivered

back to 4705 this week for fmal machining. Met with MSFC EH53 personnel about desigm of a

transportation cart with a breakover fixture. This cart will perrmt lmerlchamber operanons to be

performed in a more controlled environment.

Combustion Chamber Throat Cylinders

The autoclave cure cycle on 7.6" test cylinder billets #6 and 7 and one FM-5504 3 'G" X 2.0" X 12"

flat panel was completed. Cy!inder #6 was machined for over-wrap but Cylinder #7 was initially held

for evaluation. It appears that #7 had a leak allowing the nitrogen (autoclave pressure medium) to

enter the part din-rag cure and prevent the phenolic resin from flowing against the surface of the wrap

mandrel similar to 60K CC Liners #3 and #.4. Tape wrap using MX-2600 material was completed

on cylinder #8 and on a combustion chamber Insert billet to be used to reline 60K #005. The

autoclave cure cycle for these parts had to be aborted at the 180-degree hold because of a seal leak
arotmd the fan shaft of the autoclave. The billets were unloaded from the autoclave .nd returned to

the tape wrap lab for disposition. Billet #8 and the insert were restarted and autoclave cured along

with cylinder billet #9 and a 4.5" X 24" tensile test specimen flat panel The billets were stopped and

sent to be machined for installation or over-wrap and test.

Cylinder #3, the FM 5504 cylinder, was overwrapped with AS4-W 12K[EPON 828-Curing Agem

W and cured. This cylinder was cut to remove the ends. No cracks were detected upon visual

inspection. All of the other cylinders produced for this test matrix showed cracks at this point. It

was then decided to overwrap the next cylinder. 5A, with AS4. This cylinder was cracked when it

was removed from cure. For the evaluation of a fiberglass/epoxy overwrap, Owens Coming 721B

ZenTron TM was used to overwrap Cylinder #5B. The ends were machined off of this cylinder and

no cracks were detected upon visual inspection. The center section of this cylinder was cold flow

tested along with the overwrapped and bare segments of Cylinder #3. the one fabricated using the
40K FM 5504 material. The cold flow test was conducted to determine if the throat material

selection will be able to wathstand the -85"F extreme the chamber will see during X-34 flight.

Cylinder 5B, the MX 2600 silica phenolic with the Zentron $2 glass overwrap, cracked during the

cold flow test. Both the AS4 overwrapped and the non-overwrapped se_maents of Cylinder #3, the

FM 5504 silica-phenolic, did not crack when subjected to this test. Cylinder 5B was not cracked

after cure and even though it cracked m cold soak. it was decided to evaluate a lower yield

fiberglass ¢Owens Coming 449ru-250 yards/lb.) The lower yield fiberglass was to be evaluated

for ease of processing. Cylinder 5C was fabricated with a tool release placed on the cylinder that

enabled the T300/828-W overwrap to be removed from the cylinder without daraagmg it.

Cylinder 5C was not cracked when the overwrap was removed. This -f300/828-W overwrap was



a_ocoldflowtested.TheuseofasilicafilledCCSI0044AN'BRplybetweenthesihca:pnenoiic
andthecarbon/epoxyoverwmpis beingevaluated.Cylinder6A,thecylinderwith th_ssilica
filledN'BRshearply,wasoverwrappedandovencured.Theendsweremachined off of this

cylinderand thiscylinderalsodidnot have any cracksinthesilica-phenolicthatcouldbe detected

by visualinspection.A cylinderwlth a .030" thickpre-curcdNBR shearply between thesilica-

phenolicand the carbon fiberepoxy, Cylinder6B, was then overwmpped and cured. I_cracked

when itwas removed from thevacuum bag. Smcc a crackappeared m cylinder6B, cyiinder8A

has been wound with a 0.120 inchthickNBR ply. Cylinder6C has bccn wound and curedwith

Coming 449TM-250 yards/lb.The loweryieldfiberglasswas more difficulttoprocessthan

ZentronTM because of catenary.This lower yield$2 glassoverwrapped cylinder.Cylinder6C.

was oven caged. Overwrappcd and startedcure of Cylinder8A, the cylinderw_th a 0.120"thick

silicafiUedNBR ply between the silica-phenolicand the carbon-epoxyovcrwrap. Cylinder8B

was placedin a 500°F dry cycle. A IA°F per minute ramp ratewas used forthiscyclebut the

coolingram was changed to l°F perminuteonce the oven cooledpast300W.

TD FPM-25 BANTAM COMPOSITE RP-I TANK

ThiokoI has been asked to fabricate belly band spectrnens for the RP- I Tank mvesugauon. MSFC

has set up a test plan that defines SLXdifferent processing combinanons with 5 samples from each.

The panels for producing the spectrnens were cured and machined. The betlv band com_gurauons

were then laid up and cured. The thu'ty, belly- band samples were machined from these ._anels and
have been delivered to MSFC. Nine sets of five double notch shear specwnens and tensile buttons

were also requested to evaluate effects of processing on the strength of the belly band bond.

These panels were laid up and cured. The forty-five specimens were machined from me panels

and delivered to MSFC. MSFC has requested tensile, compression and double notch shear

samples to be fabricated from the failed hardware and "Pathfinder" tank walls. A shop traveler

will be written for this task. MSFC has requested closure for the "Handling Damage" portion of

the RP-1 Tank failure nee. Thiokol has ordered 1000 lbs. of T650/35-3K/UF3325 in preparauon

for manufacturing a replacement tank. The 1000 lbs. is sufficient for fabricauon of two tanks.

3.0 RECOMMeNDATIONS/GENERAL ACTIVITIES

4.0

4.1

Software

Itisrecommended thatthe tape layingsoftware be portedto the SiliconGraphics machine.

CATIA has been purchasedand installed.Trainingon CATIA and the new Cincinnan .\lilacron

Acraplace software should be purchased to ensure maximum use of the Fibcr P_,acement

,Machine'scapability.

UPCOMING WORK

FUNDED AND AUTHORIZED

TD PRIORITY

FPM00 High

I

APPLICATION i WORK ACTIVITY

Basic Effort Fiberplace SCMT and Cylinders

Liqmd Comb Chambers I Support Chamber Invesugauon

Composite RP-I Tank ) Failure Invesugauon/Fab samples

Appyoved by: , ,

L..I. Pelham

Program Manager



TWR-64630

OPERATION/MAINTENANCE OF THE FIBER PLACEMENT MACHINE

AND OTHER RELATED ADVANCED COMPOSITE EQUIPMENT

MONTHLY TECHNICAL STATUS REPORT

March 1998

1.0 hNTRODUCTION

This report summarizes the technical program activities on the F_er Placement Machine (FPM)

Operanous and Maintenance Project (Contract No. NASA-39749) for March 1998. The tbllowing

paragraphs summarize the sigmficant accomplishments during the work period beginning in
March, discusses recommendations for NASA/MSFC consideration, and lists the upcoming work

to be performed in April 1998.

2.0 S_Y OF SIGNIFICANT ACCOMPLISHMENTS AND EVENTS

"12fiokol is continuing to support the o0K liquid engine combustion chamber mvesnganon by

providing mformauon to the Tiger Team as requested. This mcindes cylinder fabricanon to
simulate the combustion chamber throat condition and alternate overwrap matenai property.

specimens. Thiokol is supporting the composite RP-1 tank failure mvesugation.

Modification 30 was reviewed authorizing the performance of permeability, tesung (approxLmately

220 specimens) through September 30, 1998.

2.1 BASIC MACHINE OPERATIONS

SEMI-CONFOI_MAL MINI TANK

Generated machine programs and process documentanon for the fiber placement of the 30.5 inch

cylinder. The foam toot was then loaded into the fiber placement machine. Fiber placed a [90, 30.

-30], layup onto the supplied 30.5 inch foam cylinder. The part was removed from the machine
and delivered to NASA/MSFC. Received NASA/MSFC applicable documents for the processing
of the Setm-Conforrnai Mini Tank. Fabncanon shop travelers are being generated to conform to

the specification.

2.2 TECHNICAL DIRECTIVE STATUS

TD FPM-23 LIQUID ENGINE COMBUSTION CHAMBER FABRICATION

Liquid Engine Combustion Chamber Status
The combustion chamber bonding tLxture was fabricated by NASA/MSFC with Thiokol ordering

only a few non-substore items. It was initially assembled onto 60K #07 for fLxture checkout. The
fmture was then reassembled on 60K #09 with shim stock and Coe-Flex to determine the proper

bondline for the Thrust Vector Control ring. Started the bonding process on 60K #09 which

includes fixture checkout.

Overwrapped and oven cured 60K Combustion Chamber _09. This chamber had a "'flap'" placed

m the throat region benveen the liner and the overwrap. The flap consisted of two layers of NBIL

a layer of Teflon tape and then two additional layers of NBR. This flap configurauon was cured

prior to overwrap. Started fabrication of Combustion Chamber 60K #010. The NBR of the flap

deformed durmg cure due to the loss of the compacnon wrap. This flap wtil be removed from

60K Liner r_10. Proceeded with the processing of 60K Liner #11 when it was determined the flat_



TWR--64630

on60K Liner ri0 wouid need to be redone. The dry. cycle on 60K Liner _l I was performed and

the adhesive film placed under where the NBR is laid in the throat. Placed and cured the NBR flap

on 60K #01 I. The flap cured correctly so 60K #011 proceeded and was overwrapped, vacuum

bagged and oven cured. This chamber has been removed from the overwrap mandrel and wiU be
delivered to NASA/MSFC for machining. The 60K Liner #14 (15 to I) was tape wrapped using the

"new" FM-5504. The billet was wrapped using the new 15 to I tape wrap tr_ndrel. Liner #14 (15 to

I) FM-5504 CC Liner was then autoclave cured and is ready for the OD contour to be machined for

overwrap. 60K Liner _13, 30 to I MX 2600, has been contour machined and returned to 4707 uuul

ready to overwmp.

Test Specimen Fabrication: A sample of lower yield Zentron TM fiberglass was requested from

Owens Coming. The sample will be two ends of 750 yds/lb, material wound together on 3 in. rolls

to make 375 yds/lb, yield material. Tensile and shear samples were machined from the initial high

yield, 750 yds/lb. Zentron $2 glass epoxy panels. These samples were tested but failed in the

grips so a tabbed configuranon will have to be determined. One pallet of 750 yds/Ib, yield

Z(m_ron TM fiberglass was received.

Throat Simulation Cylinders

l_ilament wound Cylinder 9A. the cylinder with a 200°F overwrap cure. vacuum bagged it and

placed it in for cure. Performed dry. crete and overwrapped Cylinder 9B which had a Zentron
721B-A.A (Catenary-Free $2 Glassi_EPON 828-Curing Agent W overwrap. This cylinder was

oven cured it at 200°F for 12 hours. Differential Scanning Calorimetry was being performed to

determine the degree of cure this cycle would yield. The "new" FM-5504 sitica/phenohc 7.6" test

cylinder billet (#I0) was tape wrapped and machined into three 12 inch cylinders. Have run a dry

cycle on Cylinder 11C. the old MX 2600. and Cylinder 9C, a standard MX 2600 cylinder.

Cylinder 10A, the new FM 5504, was placed in dry cycle, filament wound using the standard

T300/828-W overwrap system and oven cured. This cylinder was not cracked when it was

removed from cure or after the ends were machined off. It did however, possess delammations in

the overwrap so it was decided to alter the vacuum bag to drive out the wrinkles. Overwrapped

Cylinder IOC, new FM 5504 with bagging technique to trap resin in, vacuum bagged and placed it

in for cure. The tape wrap with 2.0" MX2600 tape and autoclave cure of test cylinder #12 was

completed and the billet sent tbr machining. Overwrapped using the standard T'300/828-W system
and placed in cure Cylinder 12A from this billet. The tape wrap operation has been completed on

test cylinders g13 and #14. Cylinder vl3 has both FM-5504 and MX-2600 wrapped in it to

detemxme if a stress crack starting m the MX-2600 material will conunue on into the FM-5504 plies.

Cylinder #14 is wrapped with 2.0" FM-5504 tape. Machined two MX 2600 rings and one FM 5504

ring from the ends of the cylinders used for this investigation. These were delivered to

NASA/MSFC to be shipped to Southern Research Institute. The remainder of the Fibente MX5504

tape order was received. The unsupported sample of EA9628-.030" arrived from Dexter Hysol

Aerospace that was ordered for testing. Procurement tbr Fibente MXSE65 2.5" tape was issued

for testing as an alternate silica phenolic wrapping matenal.

TD F'PM-25 BANTAM COMPOSITE RP-1 TANK

NASA/MSFC has requested and Thiokol is processing the tensile, compression, double notch

shear and double lap shear samples to be fabricated from Tank I ("Patht-mder") and the failed

hardware (Tank 23 tank walls. The tensile, permeability, double notch shear and double lap shear

samples from the barrel secuons of Tank 1 and Tank 2 have been machined and delivered. Two

sets of compression samples have been delivered. The purpose of this testing is to comp. are the

mechamcal properties of Tank i and Tank 2. One set of double lap shear samples from Tank

l(Pathf'mder) will be suDjected to a dry. cycle before laying the belly bands.

Tank t will be finished and tested to evaluate design and process changes before the

manufacturing of the new tank. A schedule for test sample fabricanon and the processing of Tank
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-I has been gwen to NASAJMSFC. Tank i is scheduled to be finished the furst week of April. The
traveler for the assembly of Tank i was dismbuted by NASA/MSFC to all interested parries for

their review and comment. The traveler for Tank I went through a peer review. Tank 1 will be

used as a test amcle for changes that wiil be integrated into the processing of Tank 3. A traveler

was written for the disassembly of the Tank 2 manhole hardware and the hardware disassembled

per this traveler. The manhole ring and the remaining potysulfide was removed from this
hardware. This hardware will be reused for the completion of Tank 1.

NASA/MSFC has requested 15 double notch shear and 15 compressmn specimens made from

IM7/8552. The IM7/8552 is scheduled to be used for the build-up plies at the skixt to tank

transition on Tank 1 due to limited availability of T650/TCR. Two hM7/8552 panels were

autoclave cured. Machining of the reqmred specmaens is being performed. A procurement request
was issued for FM-300-2K-.08 from C.vtee Fiberite. This adhesive film will be used to bond the

belly band and the rind section of the tank.

TD FPM-28 X.33 PERMEABILITY TESTING

Received 12 materia/s tbr vermeabilit3' _estmg. The spectmens have been machined into anplicate

test samples. An initial round of permeaDility testing at 30 psig has been completed. Due to the

impermeable nature or most of the samples, the room _emperamre testing will be repeated at

100psig. The CSI-135 permeability, tester is being modified to allow the higher pressure testing.

3.0 RECOMMENDATIONS/GENERAL ACTIVITIES

Software

It is recommended thaz the tape laying software be ported to _he Silicon Graphics machine.

CATIA has been purchased and installed. Training on CATIA and the new Cincinnau Milacron

Acraplace software should be purchased to ensure maxtrnum use of the Fiber Placement

Machine's capability.

4.0

4.1

UPCOMING WORK

FUNDED A_ND AUTHORIZED

I TD I PRIORITY

FPM00 ]High

FPM23 !High

FPM25 I High
FPM28 i Medium

[ APPLICATION

] Basic Effort
i

[ Liquid Comb Chambers

J Composite RP-1 Tank

I WORK ACTIVITY

! Fiberplace SCMT and Cylinders
i SupportChamber Invesugation

i FailureinvesugauorvFab sampies
I Permeability. Testing ) Matenal Testing
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OPERATION/MAINTENANCE OF THE FIBER PLACEMENT MACHINE

AND OTHER RELATED ADV._NCED COMPOSITE EQUIPMENT

MONTHLY TECHNICAL STATUS REPORT

April 1998

1.0 INTRODUCTION

This report sunmmrtzes the technical program acuviues on the Fiber Placement Machine (FPM)

Operations and Maintenance Project IContract No. NASA-39749) for April 1998. The following

paragraphs summarize the sigmficant accomplishments during the work period beginning m

April, discusses recommendations for MSFC considerauon, and lists the upcormng work to be

performed in May 1998.

2.0 SUMMARY OF SIGNIFICANT ACCOMPLISHMENTS AND EVENTS

Thiokol is commumg to support the _0K liqmd engine combusnon chamber mvesnganon by

fabricating cylinders to simulate the combusnon chamber :Eroat condition and alternate overwrap

material property, specimens. A manufactunng recovery plan to fabricate chambers at the rate of

one chamber per week was developed and presented to NASA management, This plan would

requtre a second shift, more tooling, and additional manpower to be successful. Thiokot is

supporting the compomte R.P-1 tank failure investigauon b.v completing fabrication of Tank 1 and

fabncating test spectrnens.

2.1 BASIC MACHINE OPERATIONS

SEMI-CONFORMAL MINI TANK

Fiber placed the six-ply. LM 002. inner skin tbr the Serm-Conformal Mini Tank I SC.MT_. The

part has been turned over to the customer for dome fabncauon and core ]ay-up. ,'!'he outer skin

tiber placement wdl occur once these steps are complete. Fiber placed one sxx-piy, k,Xl 002. ,nner
skin SCMT witness panel. Also fiber placed a 16-pty k_I 002 witness panel.

2.2 TECI-_ICAL DIRECTIVE STATUS

TD FPM-23 LIQUID ENGINE COMBUSTION CHAMBER FABRICATION

Liquid En2ine Combustion Chamber Status
Bonded the G-G band and Thrust Vector Control fT'v'C_ to 60K #009. A discrepancy report was

generated for the location of the TVC ring and concurred by the Propulsion Lab. 60K #011 was
delivered to the machine shop for final machining. Combusnon chamber liner #15 (1-< to 1 tape

wrapped on the 30 to 1 mandreB has been autoclave cured and delivered to 4705 for contour

machining. Combustion Chamber 60K -014 was overxvrapped with Zentron 72 IB-AA, EPON 828

- Curing Agent W and oven cured. 60K-014 is the first iiner to use the new FM5504 material. It

was removed from the mandrel and delivered to the machine shoo. Sectioned 60K - _)12 to

determine overwrap thickness in the Ttu-ust Vector Control (TVC_ regmn. Combusnon Chamber
Liner .,16 (1,¢ to 1) with FM-5504 matenal has been at:mciave cured and delivered _o -_705 for

machining. Started overavrap process of 60K # 010. Liner =10 was damaged in the machine shop.

Laid-up and oven cured N'BR flap m _iae throat region on this liner. The modified :_,an_e was
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placedonthelinerantitheEA9628laidontheexternalsurfaceexcepttbrtheN'BRflapregion
whichispaintedwithresin.The forward winding dome was modified with 60K #10 being the
first chamber to use this dome to position the flange relative to the centertine of the liner throat.

Throat Simulation Cylinders

Cylinder 11A, the old MX 2600. and Cylinder t2A, 2" .".iX 2600. both produced with the standard

overwrap were cracked when removed from cure. Examined the overvcrapped, new FM 5504

cylinders. Cylinders i0B and 14A-C. Cylinder 10B was overwrapped with Fortafil 3C 50K/UI:

3339-95, Cylinder 14A with Zentron 721B-AA/828-W. Cylinder 14B with AS4/828-W and

Cylinder 14C with T300 impremaated with toughened epoxy. All the carbon fiber overwraps had

delammations while the Zenffon did not. Test cylinders _15 and #16 have been tape wrapped and

autoclave cured. Both cylinders were wrapped with 2.0" wide FM-5504. Test cylinders _17 and #18

have been tape wrapped and autoclave cured. Both cylinders were wrapped with 2.5"" wide FM-5504

tape. Overwrapped throat simulation cylinder 13C, a 12-inch MX 2600 cylinder, with T300/828-

OPPI. OPPI is the designation given to the initiator added to the 828 resin that permits curing by

E-Beam. Overwrapped Cylinder 15A. a t2 inch FM 5504. with the T300/828-OPPI. Packaged

these two cylinders along with r,vo plates wound with T300/828-OPPI for shipment to be cured.

Overwrapped Cylinder 15C. FM 5504. xv_th Zentron 72 I B-AA./828-W. Throat simulation cylinders

_17 ,#18,and #19 have been autoclave cured and delivered for machining. AI1 three cvimders were

wrapped with 2.5" wide FM-5504 tape. Overwrapped Cylinder i6A. a 12 inch F.'vI 5504 cylinder.
with T300/828-W using the modified wind angle.

"I'D FPM-25 BANTAM COMPOSITE RP-1 TA_NK

The double lap shear samples from the barrel sections of Tanks i and 2 have been completed and

delivered. NASA has requested 15 double notch shear and 15 compression specimens made from

12V17/8552. These samples have been delivered. A resin flow test has also been run on this

material. The nozzle flange split ring has been salvaged from Tank 2 for use on Tank I. The
manhole build up plies have been laid and autoclave cured. The inside of the bottom tank half has

been coated with Shell RSL2704/RSC2705. After coating, a vacuum bag placed on the outside of
the tank held vacuum. Four rolls of T650/TCR. 60" amved and the laying of the skirt to tank

build-up plies for Tank I has begun. The machining of the manhole on the top tank half of Tank

I has been completed. The belly band simulation panel with embedded flaws for NDE has been

laid-up. NASA has reauested 12 single lad shear tensile sampies for RP soak testing. The panel

for these samples has been laid-up.

TD FPM-28 X33 PERMEABILITY TESTING

The residual gas analyzer tRGA) was started and then strut down tbr installation of new inlet

connection parts. Also. the room temperature permeability, test apparatus was down for pressure

leakage repatrs. Both units will be operational this month and testing will resume.

Also, the permeabili D, calculation software has been translated to an Excel spreadsheet tbrmat and
has added the capabitin' to account for mernal flow effects.

3.0 RECOMMENDATIONS/GENERAL ACTMTIES

Software

It is recommended "d:at the tape laying sot_vare be _oned to the Silicon Graphics machine.
CATIA has been purchased and installed. Training on CATIA and the new Cincinnati .Milacron

Acraplace software si_ouid be purchased to ensure maximum use or" the Fiber P!acement
Machine's capabilits."
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4.0

4.1

UPCOMING WORK

FUNDED AND AUTHORIZED

TD I PRIORITY

 M00

FPM23 !HighFPM25 High

t APPLICATION

[ Basic Effort

Liquid Comb ChambersComposite P.P- I Tank

t WORK ACTIVITY
I

] Fiberpiace SCMT and Cvlinders
I Fab Chamber/Support Invesugauon

[ Failure lnvestiganowFab samples

Approved by:

L. I. Pelham

Prom-am Manager
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OPERATION_IAINTESA.NCE OF THE FIBER PLACEMENT MACHINE

AND OTHER RELATED ADVANCED COMPOSITE EQUIPMENT

MONTHLY TECHNICAL STATUS REPORT

May 1998

1.0 INTRODUCTION

This report summaxazes the tecmical program acuvities on the Fiber Placement Machine (FPM_

Operations and Maintenance Project (Contract No. NASA-39749) for May 1998. The following

paragraphs suramartze the siwatficant accomplishments during the work period beginning m May,

discusses recommendations for MSFC consideranon, and lists the upcoming work to be

performed m June 1998.

2.0 SUMMARY OF!SIGNIFICANT ACCOMPLISHMENTS AND EVENTS

"12hiokol is fabncatmg 00K liamci engine combusuon chambers and connnumg to support the 60K

liquid engine combusuon chamber ,,nvesnganon bv fabricanng cylinders to smaulate the
combustion chamber throat :ondition. Thiokol has returned to fabrication of combusuon

chambers to support program needs. Currently, Thiokol SEHO is producing a i5:1 chamber at the

rate of one per week. Thiokoi is supporting the composite R.P-I tank failure mvesn_,auon by

completing fabricanon of Tank 1 and fabncating test specunens.

Thiokol reached an agreement on remaining GFY 98 .Combusuon Chamber Fabricanon proposal.

An unsolicited proposal for Advanced Composite Processmg, which is a follow-on effort to

Contract NAS8-39749 for operanorumaintenance of the Thiokol-owned Fiber Placement
Machine, was submitted this month.

2.1 BASIC MACHINE OPERATIONS

SElVII-CONFORMAL MINI TANK

NASA/MSFC has completea dome tabricauon and core lay-up tbr the Sem1-Contbrmai Mini

Tank(SCMT). Cincinnati Milacron ICM) is generating programs for the tiber placement of two

shear plies as well as a 6 ply outer face sheet doubler for the forward flange end of the Serm
Conformai Mini Tank ISCMT).

2.2 TECHNICAL DIRECTIVE STATUS

TD FPM-23 LIQUID ENGINE COMBUSTION CHAMBER FA.BRICATION

Liquid En_me Combustion Chamber Status

Overwrapped 60K #010 with T300/828-W. This chamber had an MX 2600 liner with an NBR

flap laid in the throat. After this chamber was removed from the mandrel, there was extensive

cracking in the exit cone that initiated at a point where the liner had been damaged during
handling by the MSFC machine shop. The modificanon to the forward dome cracked and

deflected and had to be repatred prior to fabricanon of the next chamber. 60K #15.

60K #015 was overwrapped with T300/828-W. vacuum bagged, and oven cured. \\qaen it was
removed from the mandrel, it kad a crack in the aft end of the exit cone. _le overwra_ mandrel
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tbr all future chambers will have the extension ring which will dismbute the load over a iarger

area and mmJm.ize the loading placed on the aft edge of the exzt cone.

60K #016 was contour mackined and measured using the Coordinate Measunng Machine _CMM).

When Flange #16 was mated with this liner in preparanon tbr overwrap, the flange would not seat

flush with the machined end of the liner. It was deterrmned through review of CMM

measurements that the liner was too large of diameter at the forward end and too small in diameter

at the transition point. The flange was machined to the high end of the allowable tolerance but

still did not seat properly on the liner. Liner #I 6 was sent back to the machine shop to bring the

flange seating area to within drawing tolerance.

60K #017 and #018 was tape wrapped and autoclave cured.

The fwd segment of the "old" 60K tape x_n'apmandrel has been salvaged and refurbished to wrap an

u_ert billet for 60K chamber g 14 that has had two 20 second test f'nings.

Received and stored -_ 1900 [bs. of F.M-5504 silica:phenolic bias tape ( 1160 of 2.5". 721 of 3.5" and
41 of 3.0") Lot v 411288.

Working on ptannmg tbr bonding, _ae beitvband and "I'VC attachment nngs to the 00K chambers.

Will also generate a shop rraveier for installation of the shear pins in the Actuator Attachment

Ring.

60K InvesugatiorgTi_er Team Support
The new SilicaJPhenotic matenah. 800 Ibs. of MXSE-65 from F_erite and 200 lbs. ofF554 from

Fibercote Corporation have been received and stored. Also received and stored 1200 lbs. of FM-

5504 from Fiberite Corp. The 7.6" MX-2600 cylinder test billet that was tape wrapped and autoclave

cured by NACCO (North Alabama Composites Co.) has been received and removed from the wrap

mandrel. The billet is approximately 16"' long and. from visual inspection, appears to be smutarly

processed to what Thiokol is producing. Two 7.6" cytmder billets have been tape wrapped using
these new silic_u'phenolic materials (MXSE-65 from F_ente and ofF554 from Fibereote

Corporation_.. These cylinders.._20, the MXSE-65: and #21. the F554, were autoclave cured. Two

additional 7.6" cylinder billets, v22 and #23 were tape _Tapped from the FM-5504 silicz_ phenolic
rnazcnal and autoclave cured.

Overwrapped Cylinder 15B. FM 5504. with 250 yield Zentron $2 fiberglass. "l-his cviinder was
oven cured and the ends machined off. Placed through the dry. cycle Cylinders 16B-C and 17A-

C, 12 inch FM 5504 cylinders. Wound Cylinder 16B using the modified. 70 degree overwrap with

two layers. The overwrap displayed wrinkles when removed from cure so it was decided to repeat

configumuon. Overwrapped Cylinder 16C with the modified pattern with two umdixecnonal

plies between the layers. This was placed in for cure along with Cylinder ! 7A, which was

wrapped with the modified pattern three times. Wound Cylinder 17B, a FM 5504 cylinder using

the modified 70 degree overwrap pattern with the low temperature curing epoxy from Br_'te. The

resin quantity, obtained was sufficient for the 77-degree winding configuration but was not enough

for the new 70-degree pattern. One and a half layers were all that was wound with the T_ 00/low

temperature cure epoxy. The cylinder was cured and the ends cut off. No delanunanons were

apparent m the overwrap. This low temperature curing epoxy requires a post cure to whatever

temperature is desired as a glass transition temperature. Overwrapped Cylinder 17C wlr.h the 70-

degree pattern using the standard T__00/828-W materials. The pattern was only used twice for tbas

cylinder which gave a pre-cured thickness of 0.50" on the radius. This cylinder is being _sed to

determine at what thickness does the overwrap start to delammate.

Investigated the installation of the Bemma sewing machinets) in the high bay of 470, _.__rocess

of providing an estimate of _he work reaulred to install the sewing machines.
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TD FPM-25 BANTA.,M COMPOSITE RP-1 TANK

NASA has decided to use Tank I as a test arncle for changes that will be integrated into the

processing of Tank 3. The build-up plies for the skirt to tank ffansition on Tank I have been
cured. Both tank halves have been machined. The inner belly band surface has been grit blasted

for both tank halves. The tank halves have been aligned and bonded. Dunng grit blasting of the

outer belly band surface, a 0.75 inch gap was discovered in the EA9394 adhesive used to bond the

tank halves together. The gap was filled with EA9394. which was cured at room temperarare

overnight. The outer belly band surface was then m-it blasted again. The outer belly band plies

for Tank i were then laid and have been cured. After cure. the outer beUyband underwent NDE.

The cured EA9394 in the butt joint at the inner beIIyband has been sanded and all low spots m the
adhesive have been refilled. The refilled areas will be sanded and the tank will be dried for the

lay-up of the tuner bellvband.

The belly bafid simulation panel with embedded flaws for NDE has been delivered. NASA

requested 12 single fan shear and 12 tensde samples tbr R_Psoak testing. These panels have been

cured, tabs applied and the samples macninea. The 24 samples have been delivered for testing,.

NASA also requested FM300-2K fan silear samples to be produced. FM300-2K (new iot) lap

shear samples were laid up with the outer bellyband. These.samples were also comDie',ed and

delivered. Results of the lap shear tests showed no smmficant difference between ',he shear

strength of the new FM300-2K (Low 282) and the 13 month old FM300-2K (Low269_,

3.0 RECOMMENDATIONS/GENERAL ACTIVITIES

Software

It is recommended that the tape laying software be ported to the Silicon Graphics machine.

Training on CATIA and the new Cincinnati Milacron Acraplace software should be purchased to

ensure maximum utilizanon of the Fiber FIacemem Machines capability..

4.0

4.1

UPCOMING WORK

F-GNDED AND AUTHORIZED

TD t PRIORITY

FPM00 t Medium
FPM23 I High

FPM25 High

I APPLICATION WORK ACTIVITY

t Basic Effort Fiberplace SCMT and Cylinders

[ Liquid Comb Chambers Support Chamber Investigatmn

i Composite RP-1 Tank Failure Invesngation/Fab samoies

Program Manager
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OPERATION/MAINTENANCE OF THE FIBER PLACEMENT MACHINE

AND OTHER RELATED ADVANCED COMPOSITE EQUIPMENT

MONTHLY TECHNICAL STATUS REPORT

June 1998

1.0 INTRODUCTION

This report summarizes the technical program activities on the Fiber Placement Machine

(FPM) Operauons and Maintenance Project (Contract No. NASA-39749) for June 1998.

The following paragraphs summarize the significant accomplishments dunng the work

period beginning m June. discusses recommendations for MSFC consideraraon, and lists

the upcoming work to be performed m July 1998.

2.0 SUMMARY OF SIGNIFICANT ACCOMPLISHMENTS AND EVENTS

Thiokol is fabricaung 60K liqmd engine combustion chambers and conunumg to support

the chamber invesngauon by fabncaung throat smaulation cylinders. The FY,.I5504 has

been baselmed as the silicaiphenoiic "daat_all be used to produce the chamber :iners. None

of the FM 5504 cylinders r2mt have been overwrapped have failed m the sfiicaephenoiic.

The focus of the present cvtinders _s to find an overwrap matenal/overwrap technique that

prevents delammation of the ovenvrap for the cylinders.

Thiokol completed the bonding/fabrication of the composite RP-1 tank. Tank 1 The tank

is now ready for testing when the NASA test facilirv becomes available.

2.1 BASIC MACHINE OPERATIONS

SEMI-CONFORMAL MINI TANK

Generated memo detmlmg shear piy, outer face sheet and outer doubler ._iy fabricanon.
This memo was concurred bv NASA/MSFC and forwarded :o Cincmnan Milacron.

Received Cincinnati Milacron (CM] FPM programs for these outer skin fiber placement

tasks. Revising the shop traveler for the outer skin of the Sema-Conformai Mini Tank

(SCMT) to include the shear plies and doubler fiber placement. Upon recei_: of the outer

skin programs, generated a memo also concurred by NASA/MSFC EH33 to close the

work order for CM. The customer is perfomung work on the end fittings of the SCMT

which will need to be completed prior to outer skin fiber placement.

2.2 TECHNICAL DIRECTIVE STATUS

TD FPM-23 LIQUID ENGINE COMBUSTION CHAMBER FABRICATION

Liquid Enmne Combustion Chamber Status

The actuator attachment ring _"as bonded onto 60K #t 1. The chamber was :b,en delivered

to the machine shop were the shear _in holes were drilled. The chamber was returned and

the shear pins bonded into the nozzle.
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60K#16wasremachinedm theflangebondingareatodrawingtolerance.Performeddry
cycleandoverwrappedLinerr:16 using the Zentron 72 IB-AA/828-W material. The new

overwrap pattern that simulates the 30 to I chamber overwrap pattern was used. This

liner used Flange #17 that was not available when Liner #17 was overwrapped. 60K#I7

had used Flange #16. 60K #16 was removed from the mandrel after oven cure and visual

inspection revealed no cracks at the aft end. The liner had been machined to a blunt edge

at the aft end prior to overwrap. Also. the rubber placed on the aft overwrap ring was

changed from cured rubber to two uncured plies of NBR that could flow under the

pressure generated during the overwrap cure cycle.

Performed dry cycle on and overwrapped 60K Liner # 17. Mated Flange #16 _ath Liner

#17 due to Flange #17 not being available for use. Used two layers of EA 9628.06

between flange and liner for this chamber. 60K #17 used the T300/828-W rnatenal

system for the overwrap but also used the 30 to I simularaon pattern. When 60K #17 was
removed from the mandrel after oven cure. there was a crack located in the nozzte end of

the chamber. This was atmbutea to toolmw'liner machining con.figurations. However.

_isual mspecraon did not reveai am- cracks in the siiica/phenoiic in the throat remon of this
chamber.

The autoclave cure cycle was completed on 60K Combustion Chamber Liner --18. The

billet was delivered to the machine shop where it was contour machined. It was then

overwrapped with Zentron 721B-A.A 750/828-W. This chamber used Liner -18 w_th

Flange #18. This chamber was oven cured, removed from the mandrel, and delivered to

the machine shop.

60K Combustion Chamber Liner #19 has been tape _xapped. vacuum bagged, and

autoclaved cured. Liner #19 was picked up from the machine shop after the tagend was
madmaed off. The liner billet was removed from the mandrel and returned to the machine

shop where the contour machining was completed. After receipt of the machined liner, a

dry cycle was performed on it and the ovenvrap process using Zentron 721B-AA 750/828-

W was started. This chamber used Liner rr t 9 wlth Flange # 19.

The forward sem_aent of the 'old" 60K tape wrap mandrel was used to wrap an insert
billet that was autoclave cured _ath 60K Liner #19. The billet was machined and the

silica/phenolic insert bonded into the forward end of 60K #I4. The chamber was then

returned to the 4705 Machine Shop for re-machining of the ports/contour for additional
testmg.

60K Silica/Phenolic Combustion Chamber Liner #20 has been tape wrapped, vacuum

bagged and autoclaved cured. The cure cycle was completed and the billet was delivered

to the 4705 Machine Shop for forward end machining. The tagend was machined off. the

imer billet removed from the xwap mandrel and returned to 4705 for completion of the

contour machining.

The tape wrap of 60K SilicwPhenoiic Combustion Chamber Liner #21 (30 to i) has been

completed and the billet xxall be autoclave cured. The 60K 15 to i mandre! will be

reassembled and the tape _wap of Liner ,--22 will be started the first week of July
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R_.cived and stored approximately 1300 pounds of FM-5504 silica/phenolic bias tape, Lot

#411319. A numerical pattern for a 15 to 1 nozzle has been developed for cumng

adhesive on the Cutting Edge knife. The Cutting Edge knife was used to cut the EA9628

adhesive for the overwrapping of 60K # 19.

60K Invesugationfl'iger Team Support

Overwrapped Cylinder 9C, MX 2600, x_ath T300/low temperature curing epoxy. The

cylinder cracked before it was machined. Cylinders 10A and 10C are being used to define
low densltv indications from CT evaluaraon on carbon/epoxy overwraps. Holes were

drilled m the cvtmders and the holes were filled with resin. These cylinders will be scanned

to establish a standard bv which previous and future CT scans can be evaluated.

Performed a drv cycle on Cylinders 18A-t8C, 12" FM 5504 cylinders. These were

vacuum bagged after the cvcte was performed and xxitl remain/remained under vacuum

until immediately prior to the overwrap process. Overwrapped Cylinder t8A, a FM 5504

cylinder, wath T300/828-W. After every, laver plus one circmt were wound, umdirectional

T300/828-W prepreg tape was hand lind on the cvlinder. This cylinder was oven cured.

_e ends machined off. and delivered for tnspecuon. Overwrapped Cvlinder 18B. a 12-inch

FM 5504 cylinder, with muiraple umdirecuonal plies hand laid between winding layers.
This cylinder differed from 18A m that the vacuum bagging process was changed to allow

entrapped air to escape. The cylinder exhibited some slight _xinkles in the overwrap and.

bv visual inspection, appears to have delammations or voids in the overwrap. Generated

shop travelers for the fabrication of the next two throat cylinders which will be 21A_ F554

silica phenolic with the T300/828-W overwrap, and 18C, FM 5504 with a Kevlar

149/828-W overwrap. Cylinders #19 and 23, also FM 5504 silica-phenolic material, were

machined into 12" cylinders. Overwrapped and cured Cylinder 20A, the MXSE 65

modified silica/phenolic cylinder. The standard T300/828-W was used as overwrap for
this cvtmder. The North Alabama Composites fabricated cylinder, a M.X 2600 billet, was

also machined to 12 inches.

Zentron TM 721B-AA /828-W fiberglass-epoxy prepreg was produced, staged and test

panels layed-up and cured from it. These test panels will be used to develop rnatenal
properues for the fiberglass overwrap. Upon completion of X-ray inspecraon of the panels.
tabs wall be bonded to them and the machining of individual specunens will begin. Thiokol

has ordered the strum gages and related accessories. The strata gage application will be

performed bv NASA. One pallet of Zentron TM 721B-AA has been ordered with deliver5.'

ex-peeted in eartv July. Discussions with personnel at Owens Cornmg indicated that they
are unable to produce the Zentron TM roving on three-inch spools. They are also not set up

to re-spool the roving onto three mch spools from six-inch spools.

Will invesugate Kevlar 149 as a possible overwrap retmbrcement fiber. Ordered 40 pounts
of the Kevlar 149 tow. DuPont has indicated that this is the highest modulus.

approxamately 21 MSI, form of the aramad fiber. The 167 pounds of MXSE65 silica

phenolic of 2.5 inch tape was received and placed in the cooler. The 205 pounds of

MXSE65 silica/phenolic broadgoods was shipped back to Fiberite because it was delivered

as broadgoods instead of tape as ordered.
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TD FPM-25 BANTAM COMPOSITE RP-1 TANK

Tank 1 was dried and the previously grit blasted surface tbr the inner belly band sanded to

prepare for lay-up. The inner belly band was laid and cured. The tuner tank surface was
coated with RSL2704/RSC3705 epoxy resin. The tuner surface was coated t_xace with

this resin,, a Shell research resin which is basically EPON 828 modified for higher

elongation. Both coats were post cured. The manhole bolt ring and clamp ring have been

installed and sealed with PR1422 polysulfide. The nozzle split ring flange has been

installed and bonded m place. Polysulfide was applied to the edges of the umer beUy-band

to enhance the seal and _ill be completely cured within one week at ambient lab

conditions. This requirement will easily be met bv the expected proof test schedule of mid-

July. Thermography was conducted on the inside belly band. Tank I will be ready for

transport to the test area after NDE is completed.

3.0 RECOMMENDATIONS/GENERAL ACTIVITIES

SoRware

It is recommended that the tape iaymg soRware be ported to me Silicon Grapiaics machine.

Training on CATIA and the new Cincmnau Milacron Acrat)iace software should be

purchased to ensure maxamum uulizauon of the Fiber Flacemen_ Machine's capabilit3,.

UPCOMING WORK

FUNDED AND AUTHORIZED

TD PRIORITY i APPLICATION i WORK ACTIVITY

FPMO0 Medium I Basic Effort ! F!berplaceSCMT and Cylinders

FPM23 Hi_ ]LiquidComb Chambers ]SupportChamber Fal_ncauon

FPM25 i Hi_t i Comt)osite RP-1 Tank i Failure Invesu_ation
w w,

Program Manager
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OPERATION/MAINTENANCE OF THE FIBER PLACEMENT MACHINE

AND OTHER RELATED ADVANCED COMPOSITE EQUIPMENT

MONTHLY TECHNICAL STATUS REPORT

July 1998

1.0 INTRODUCTION

This report summanzes the techmcal program acuvities on the Fiber Placement Machine

(FPM) Operations and Maintenance ProJect (Contract No. NASA-39749) for Jutv i998.

The following paragraphs summarize the significant accomplishments during the work

penod beginning m July, discusses recommendauons for MSFC considerauon, and lists the

upcoming work to be performed in August 1998.

2.0 SUMMARY OF SIGNIFICANT ACCOMPLISHMENTS AND EVENTS

NASA/MSFC successfully zest fireci t_vo 60K Combusuon Chambers and Nozzles for

150-seconds each. Both chambers appeared to have no sigmficant erosion or cracks after

posttest mspecuon. The first chamber was fabricated using 5504-silica/phenolic imer with

an S2-fiberglass/epoxy overwrap. The second chamber was fabricated using 5504-

silica/phenolic liner x_ath a T300-graphite/epoxy overwrap. The FM 5504 silica phenolic

has eliminated the cracking problem that had been witnessed with the MX 2600 mazenal.
as is now the baseline for chamber fabncation. NASA is planning to use the 60K

Combusuon Chambers on the X-34 vehicle.

Thiokol completed the bondmwfabncanon of the composite R.P- 1 tank. Tank i. The tank

is now ready for testing when the NASA test facility becomes available.

2.1 BASIC MACHINE OPERATIONS

SEMI-CONFORMAL MINI TANK

Due to cracks in the tbr_vard end ring of the Serm-Conformal Mini Tank (SCMT) work

has been placed on hold. Fabricauon of the outer skin. shear plies and doubler wall

continue when a decision is made on how to repmr the cracked ring.

2.2 TECHNICAL DIRECTIVE STATUS

TD FPM-23 LIQUID ENGINE COMBUSTION CHAMBER FABRICATION

Liquid Enmne Combustion Chamber Status

Updated travelers for bonding of actuator attachment ring and belly-band zo c0K#16.

Bonding of tl-.e actuator attachment ring and the belly-band to 60K# 16 was completed.

The coordinate measuring machine {CMM) was used to verify, positioning of :b,e belly

band during drx" fit. The CMM was also used to venfy positioning of the bellv-b_d and

the actuator attachment rmg after bonding. The belly-band has a rotauonal cos_uonmg
zolerance of-O5 c The actual measurement was 0.7 ° from nominal. A discretmncv report

was issued for two out-of-tolerance conditions for the positioning of the GG_q'urbopump

Support Band anti two cut-of-tolerance conditions for the positioning of the ._,cmator
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AttachmentRingfor 60K#16. These discrepancies were caused by the limitaraons of the

temporary, bonding fixture. The temporary bonding fixture is not capable of assuring

alignments x_athin drawing tolerance. Fabncauon of the permanent bonding ft.,mare is m

process. The completed bonding traveler for 60K#16 x_ith summan' sheets has been
turned m to NASA for review.

Overwrapped with Zentron 721B-AA 750/828-W and oven cured 60K #19. This chamber

used Liner # 19 with Flange # 19. It was removed from the overwrap mandrel and delivered

to the machine shop.

Overwrapped and oven cured 60K #20. This chamber used T300 12K 309NT/828-W for

the overwrap. Removed this chamber from the overvn'ap mandrel. Visual inspeclaon

revealed no cracks in the throat remon or the aft end of the nozzle. The liner of this

chamber had been machined to a blunt edge instead of the tapered end that had apparently

served as a crack imuaraon slte for the chambers xxnth the NBR flap.

The autoclave cure was completed on o0K siiicaeohenoiic combusraon chamber imer --.21

(30 to 1), and a liner 'insert" billet made from FM 5504. These were delivered for

machining. After machining, 60K Liner V21 was placedon the overwrap mandrel and a

dry. winding pattern check out performed on it. This was stripped off and a dry" cycle

performed on the liner. Due to problems _ath the filament winding machine, it was placed

on the overwrap mandrel, vacuum bagged and left under vacuum.

The tape X_,Tapof 60k silica/phenolic combusuon chamber liner #22 (15 to l) has been

completed and autoclave cured. The liner has been delivered for machining.

The tape v,Tap and autoclave cure of 60K Silic,w'Phenoiic Combustion Chamber Liner #23

(15 to 1) has been completed. This chamber was tape wrapped on the 30 to I mandrel.

The billet was then delivered to the machine shop for machining. Once the forward end

was machined, this liner was picked up from the machine shop, removed from the mandrel

and delivered back for contour machining.

The tape wrap and autoclave cure of 60K sdicamhenoiic combusuon chamber liner .--.24

(15 to 1) has been completed. The billet was delivered to the machine shop.

The 60K tape wrap mandrel was reassembled to wrap silica/phenolic combustion chamber

liner #25 ( 15 to 1).

The second overwrap mandrel has been completed and the components need to be Teflon

coated. A collar was machined to prevent the washers at the forward end of the overwrap

mandrels from being locked m bv the material during cure of a 30 to I chamber.

60K InvestmatiowTi_er Team Support
Overwrapped and cured Cvlinder 18C. an FM5504 cylinder uith Kevtar 149/828-W The

Keviar 149/828-W overwrap was difficult to machine as expected but when the e:'.as were
cut off. the over_vrap was well compacted x_lth no evmence of delarrunaraon. Performed a
dry. cycle on Cvlinder tgA. a 12-inch FM 5504 cylinder. Due to the limited avmiabilit_" of

the filament winder this cylinder was vacuum bagged and maintained under vacuum unral
immediately prior to oven_Tap It was then filament wound with T1000GB/%T 3323
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prepreg.Thisresinsystemrequireda 24hourholdat270°F.TheT1000GBcarbonfiber
possessesanequivalentcross-secuonaiareato the6K T300tow. Theareaaisomore
closelysimulatesthatoftheKevlar149andZentron750yield$2glasstowwhichhadnot
revealeddelaminationsm theovcrwrap.However.uponinspectionaftercure,Cvlmdcr
19Ahadbondlmeregionsbetweenthesilicaphenolicandtheoverwrapthathadseparated.
OverwrappedandcuredCvlmder21A, a F554silica phenolic_ath the T300/828-W
overwrap.

TheZentronTM 721B-AA/828-W fiberglass-epoxy test panels have been machined and

tabs applied to them. Individual specimens test specmaens were then machined from the

tabbed panels. These test specimens wall be used to develop material propemes for the

fiberglass overwrap. The strain gages have been received and will be applied bv NASA.

Initially the specimens were required to be tested at ambient and 250°F. NASA requested

another set of spectmens for a low temperature (-65°F) condition. These spectmens were
also machined and delivered to NASA for instrumentation.

YASA requested secuonmg of chami_er 00K#02 for char measurements. This chamber

was sectioned and strips cut from each secuon.

One pallet of Zentron TM 721B-AA has been received. Received and stored approxamately

I000 pounds of silica phenolic bias tape from Culver City. Composites.

TD FPM-25 BANTAM COMPOSITE RP-1 TANK

Tank I is readv for transport to the test area. A portion of the nozzle end of the failed tank

(Tank 2) was cut out and delivered per NASA request.

TD FPM-27 FABRICATION OF COMPOSITE BONDED JOINT TEST ARTICLES

Met wath NASA prmclpal investigator to define prolect goals. The material system used
wall be IM7 carbon fiber with the Hexcet 8552 epoxy resin svs"tem. The material used wall

be both towpreg and prepreg fabric that is curremtv on hand at MSFC Bottles will be

wound using the towpreg. These wall be cured, the domes cut off one end and two

segments spliced together using the fabric placed bv hand lay-up. A total of 3 bonded

amcles are proposed to be fabricated for this effort. Initially, a sample of the IM7/8552

was wound and cured to verify that the material is sull usable. The trial cvtmder has both

helical, +__30-degree. and hoop plies/layers. This bottle was secuoned to determine the

cured ply thickness. During winding of the test cylinder, the pre-preg tape adhered to itself

as it fed from the spool. This resulted in the breaking of some fibers wathin the tape. The

creel cabinet on the EnTec horizontal winder xxall be modified to permat cooling of the

cabinet when winding this and other prepregs that exhibit similar tack. This should

rmmmize or eliminate the problems wamessed with processing the IM7/8552 material.
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3.0 RECOMMENDATIONS/GENERAL ACTIVITIES

Software

It is recommended that the tape la.vmg soft, rare be ported to the Silicon Graphics machine.

Training on CATIA and the new Cincaxmati Milacron Acmplace soft_-are should be

purchased to ensure maximum utilizauon of the Fiber Placement Machine's capability..

UPCOMING WORK

FUNDED AND AUTHORIZED

TD PRIORITY [APPLICATION !WORK ACTIVITY

FPM00 Medium Basic Effort ! Fiberptaee SCMT and Cvlmders

FPM23 High Liquid Comb Chambers [ Support Chamber Fabrication

FPM25 Hi m'a i Com.oosite RP-1 Tank i Failure investi_auon

FPM27 I Medium ! Bonded Joint Test Arlacle [ Filament Wind Tanks
i

Program Manager
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_v
0PERATION/MAINTENANCE OF THE FIBER PLACEMENT MACHINE

AND OTHER RELATED ADVANCED COMPOSITE EQUIPMENT

1.0 INTRODUCTION

MONTHLY TECHNICAL STATUS REPORT

August 1998

This report summarizes the technical program acuviucs on the Fiber Placement Machine

(FPM) Operations and Maintenance Project (Contract No. NASA39749) for Aumzst 1998.

The following paragraphs summarize the significant accomplishments during the work

period beginning in August. discusses recommendations for NASA/MSFC consideration.
and lists the upcoming work to be performed in September 1998.

2.0 SUMMARY OF SIGNIFICANT ACCOMPLISHMENTS AND EVENTS

Reviewed fullv executed mo0aficauons descopmg the i0K comi_usuon chamber effort and

authorizing the fabncauon of 60 composae quasl-isotropm paneis, comt_osite bonded joint

test axticles, and compaubility and joint technolowy specunens.

BASIC MACHINE OPERATIONS

TECHNICAL DIRECTIVE STATUS

"I'D FPM-23 LIQUID ENGINE COMBUSTION CHAMBER FABRICATION

Liquid Engine Combustion Chamber Status

Unbagged 60K Liner #21, a FM 5504 30 to I liner, and placed the EA 9628.06 NW

adhesive film on it. Staxted overwrap of the liner but. upon completaon of the first laver.

the pattern had not closed and was stopped off. Adjustments were made to the

mandrel/liner configurauen and one laver of the pattern comuietelv dry wound before

proceeding w_th the overwrap process. Completed overxwav of 60K Liner =21 wath
T300/828-W. This chamber used Flange #2 I. Oven cured 60K #:21 and removed it from

the overwrap mandrel. There were no visible discrepancies.

Started overwrap of Liner #22, a 15 to 1 FM 5504 liner, x_ath Zentron 721B-AA 750/828-

W. A refurbished flange, Flange #12, was used for this chamber. Upon completion of the

third layer, the pattern had not closed and was stripped off. Adjustments were made to the

overwrap mandrel to secure the aft ring to the shaft. This was the first use of the overwrap

mandrel fabricated by NASA/MSFC in 4705. Completed overxwap and oven cure of 60K

#22 and removed it from the mandrel with no discrepancies visuatlv detected.

Completed over_wap of 60K Liner #23 wath T300 12K 309NT,'EPON 828 - EPI Cure W.

This chamber used refurbished Flange #09 which had been usea for 60K #:12. Due to 60K

_12 cracking after removal from the mandrel, the part was not delivered for final

machining so no ports had been dnlled m the flange. 60K :,2_'-completed oven cure. was

removed from the mandrel and delivered to the machine shop.
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60K#24 silica/phenottc combusuon chamber liner t l 5 to 1 billet) was removed from the
mandrel and returned to 4705 maciame shop tbr contour machining. After contour

machining, the liner was obtained from the machine shop and overwrapped with Zentron

721B-AA 750/828-W. Flange _,22 was used for this chamber. The aft ring slipped on the

shaft and the first laver had to be smpped off. Nearing completion of the second laver it

was noticed that the mandrel was starting to rotate again so, once the hoop plies were

wound, the aft ring was secured using a bolt that was tapped into the shaft. This should

prevent the problem from reoccurnng, which was reinforced by the additional layers being
wound without any slipping revealed in the overwrap.

60K25 silica/phenolic combusuon chamber liner (15 to 1 billet on the 30 to I mandrel),

has been tape wrapped and autoclave cured. The billet was delivered to NASA/MSFC for

machining the forward end to length.

60K Liner #26 (15 to 1) has been tape _Tapped and autoclave cured. The liner was

delivered for machining the forward ena to len mh. The billet was then removed from the

mandrel and returned for con:our macmmng.

,_7 (15 to I on the 30 to I mandrel), has60K Silic,wPhenotic Combustion Chamt_er Liner ""

been tape wrapped and autoclave cured. The liner/mandrel was delivered for machining

the forward end to length.

The 15 to 1 mandrel was re-assembled and loaded into the tape xxTap machine in

preparation for _wapptng liner .-,28.

The new fixture for bonding actuator attachment tangs and G.G. bands has been delivered

to Building 4707.

Revasmg overwrap shop :raveler ."or conformance to the NASA/MSFC process

specific, anon.

60K Investi_auowTi_er Team Support

Another set of Zentron TM 721B-A_-k /828-W fiberglass-epoxy double notch shear

specimens has been machined and delivered to NASA/MSFC for testing. NASA/MSFC

requested resin content and density values for the Zentron TM 721B-AA/828-W fiberglass-

epoxy, test panels. DensltV tests have been completed. Resin content is continuing. Data
obtained to this point has been relayed to NASA/MSFC. This testing wall be used to

develop material propemes for the fiberglass overwrap.

TD FPM-27 FABRICATION OF COMPOSITE BONDED JOINT TEST ARTICLES

A test cylinder has been wound using IM7 carbon fiber with Hexcet 8552 epoxy resin.

The cvlinder was cured and secuoned to determine the ply thickness. The secuon was

photographed under a rmcroscope to measure the individual lavers. The lM7/8552

material used will be both towpreg and prepreg fabric that is currently on hand at

NASA/MSFC. A portion of _e test cylinder was given to the principal invesugator. Croci

coolers have been installed on the fiiament-wmdmg machine. During the winding of the

test cylinder. _e IM7/8552 :o_x_preg material adhered to itself as it ted from tke spools.
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Thecreelcoolersshouldalleviatethisproblem.TheThiokolIR & D inflatablemandrel
wtll beusedfor windingofthebottlestomakethejointspectmens.

TD FPM-29FABRICATION OF COMPOSITE QUASI-ISOTROPIC PANELS

The tape laver _xall be used to fabncate six large twelve ply panels that _all be cured and

cut into sixty 10 m. x 15 in. panels.

3.0 RECOMMENDATIONS/GENERAL ACTIVITIES

Software

It is recommended that the tape laving software be ported to the Silicon Grapbacs machine.

Training on CATIA and the new Cincinnati Milacron Acraplace software shouid be

purchased to ensure maxamum utilization of the Fiber Placement Machines capabilit3.'.

UPCOMING WORK

FUNDED AND AUTHORIZED

TD I PRIORITY i APPLICATION ]WORK ACTIVITY
FPM00 Low

n,m3
FPM27 Medium

FPM29

Basic Effort I Fiberplace SCMT and C,vlmders

Liquid Comb Chambers Support Chamber Fabncanon
I Bonded Joint Test Artcl -I Filament Wind Tanks

Medium ! Quasi-Isotropic Panels I Fabricate Large Panels

L. I. Pelham

Program Marmger
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OPERATION/MAINTENANCE OF THE FIBER PLACEMENT ,MACHINE

AND OTHER RELATED ADVANCED COMPOSITE EQUIPMENT

1.0 INTRODUCTION

MONTHLY TECHNICAL STATUS REPORT

September 1998

This report summarizes the technical program acuvities on the Fiber Placement Machine

(FPM) Operauons and Maintenance Project (Contract No. NASA-39749) for September
1998. The following paragraphs swnmanze the significant accomplishments during the

work period beginning m September. discusses recommendations for MSFC considerauon.

and lists the upcoming work to be pertbrmed m October 1998.

2.0 SUMMARY OF SIGNIFICANT ACCOMPLISHMENTS AND EVENTS

Per discussions xwth NASA/MSFC _rocurement and technicai personnel, we have am-eed

on an approach reiauve to the extension of the e.xastmg contract and schedule for

establishing a new. follow-on contract.

Received a request for ROM from NASA/MSFC EH33 for the fabncauon of an advanced

subscale composite cry ogctac tank. Esumate was developed_ priced and a ROM was

dispatched for the fabncauon of the article.

BASIC MACHINE OPERATIONS

TECHNICAL DIRECTIVE STATUS

"I'DFPM-23 LIQUID ENGINE COMBUSTION CHAMBER FABRICATION

Liquid Enmne Combustion Chamber Status
Thiokol has established a central locauon for _he shop travelers tbr the tape wrap,

overwrap and bonding processes. This wall facilitate tracking of the hardware mad enable

integration of material certificauons in the individual travelers.

The new bonding fix'hare was used for the first tmae on 60K # 18. The actuator attachment

ring and GG/I'urbopump belly band bonding travelers were updated to reflect the new

procedures that will be required. The new bonding fix-t'ure was not properly aligned on

initial installation. Optical atignrnent was then performed on the fixture. After completion

of alignment, the actuator attachment ring (AAR) was dry fit and installed on 60K# 18. A

discrepancy, report will be generated for voids in the AA_R bondlme. .an insufficient

amount of adhesive was applied leading to a void area that is approxmaately 3% of the

total bond area. The bonding fixture has been modified wath the addition of two surfaced

plates to the top of the fixture. This will aid in the measurement for the positioning of the

actuator attachment ring. Adjustments were required for the belly band bonding plate.

The turbopump/G.G, bellv band for 60K#t8 was then bonded. The bonding t]x-nare was

determined to possess a rmsmatch between the height of the t-,vo Imea.r actuator plates that

position the uvo betlv band halves. A .035-inch shtm for the bellv band linear ,_ctuatmg

plate is being fabricated to correct this before the nex-t chamber Is bonded..*-kR shear
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bolts were bonded into 60K#18 and coordinate measuring machine measurements were

made in prepararaon for shipment m eartv October. Bonding for 60K#19 _all also

commence m early October.

60K Combusnon Chamber Liner #25 (15 to 1. FM 5504 silica phenolic) was overwrapped

with T300 12K 309NT/EPON 828 - EPI Cure W It was then oven cured, removed from

the mandrel and delivered to the machine shop. Flange #23 was used for this chamber.

One of the bolts used to secure the dome to the flange failed under torque load to remove

tim bolt. This vail be removed bv the machine shop• Digital photographs were taken. No

damage was recurred bv the chamber.

The overwrap of 60K Liner #26 was temporarily placed on hold due to the problems vath

the filament winding machine. The _ander was repaired and 60K Liner #26 overwrapped

with the T300 12K 309NT/828-W carbowepoxy material. This chamber used Flange

#24.

60K Liner .--.27 was remove_ from lhc 30:I mandrel and returned to the machine shop for

contour machining.

60K Liner _28 (15:1 billet) was tape wrapped using MXSE-65 silica tape. It was

autoclave cured and delivered to 4705 for machining.

60K Liner #29 (30:1 billet) has been tape xwapped xx4th FM-5504 silica phenolic tape and
will be cured next week.

The next silica phenolic combusuon chamber liner. 60K Liner #30. wall also be a 30 to 1

billet and will be tape wrapped m eartv October.

60K Investi_zatioru'ric, er Team Support
Pieces of 60K#02 have been cut for thermocoupte depth determanaraon. Thermocoupie

installaraon records show the depths of the thermocouples relative to the plugs. The pieces
have been secnoned to determine the depths of the plugs. This m.formaraon as weil as the

plug remnams vail be returned to NASA. Two-inch xxade stops wail also be cut from
60K#02 for char measurement. NASA has also requested the 2-inch strips from 60K#12

for overwrap thickness determmaraon.

TD FPM-27 FABRICATION OF COMPOSITE BONDED JOINT TEST ARTICLES

A new deliverv system for the winding machine was designed and fabricated dmt xx,-ill

facilitate the use of the 0.125 inch IM7/8552 towpreg. A work authorization request was

issued to prepare the mandrel and polar bosses for winding. The polar bosses have been

prepared but bottle fabncaraon is awaiting inflatable mandrel and filament ,.xandmg
machine avmlabili_-.

TD FPM-29 FABRICATION OF COMPOSITE QUASI-ISOTROPIC PANELS

The panel sizes and lay-up sequence have been defined. Four panels will be raze laved.

autoclave cured and cut into 60 10 inch x l-_ inch panels. Difficuiraes with the

VAX11/780 delayed the programming tbr the tape taylng machine. The prograrr_,'mng was
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completed and bulk panel fabncauon started. Two of the four bulk panels have been tape

la.v_ with autoclave cure scheduled for earn October. Two autoclave cures _1ll be

reqmred to accommodate all four panels.

3.0 RECOMMENDATIONS/GENERAL ACTIVITIES

Software

It is recommended that the tape laving software be ported to the Silicon Graphics machine.

Training on CATIA and the new Cincinnati Milacron Acraplace soft'ware should be

purchased to ensure maximum utilizauon of the Fiber Placement Machine's capability.

UPCOMING WORK

FUNDED AND AUTHORIZED

To I r,RiomTv
FPM00 Low

FPM27 Medium

FPM29

I APPLICATION I WORK ACTIVITY

Basic Effort

Liqmd Comb Chambers
] Bonded Joint Test Artcl

i Fibemlace SCMT and Cylinders
! Chamber Fabricanon & Bondmv

ir

I Filament Wind Tanks

Medium i Quasi-Isotropic Panels ! Cure & Fabricate Bulk Panels

Approve__

Program Manager
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OPERATION/3IAINTEN.4aNCE OF TIqE FIBER PLACEMLENT MACtllNE

.MN'DOTHER RELATED ADV._NCED COMPOSITE EQUqPMENT

.MONTHLY TECFEVICAL STATUS REPORT

October t998

1.0 INTRODUCTION

This report summarizes the technical prom-am acnvities on the Fiber Placement Machine

(FPM) Operanons and Maintenance Project (Contract No, NASA-39749) tbr October

1998. The following param'aphs summarize the st maificant accomplishments dunng the

work period beginning in October. discusses recommendations for MSFC consideration,

and lists the upcoming work to be performed in November 1998.

2.0 SUMMARY OF SIGNIFIC.-ZNT ACCOMPLISFEMENTS AND EVENTS

Completed bondm_ tiae actuator attachment rang t.-k.-kP,)and the beitv-band to o0K ;19.

The shear pins were installed ana :he drain tube support pads bonded to the nozzle
region. 60K #19 was a I5 to IFM 3504/Zentron 721B A.AI828-W chambermozzie.

Overwrapped 60K#'s 26.27. 29 and 30. 60K #'s 26 and 27 used 15 to 1 FM 5504 liners

while 29 and 30 are 30 to I configurations. All were overwrapped using T300 12K

309NT/EPON 828-EPI Cure W. Tape wrapped and cured Liner #31 and Liner #32 has
been tape wrapped and is awaiting cure in eartv November 1998.

2.1 BASIC MACHINE OPERATIONS

SAND MANDREL FABRICATION

Fabncated the first of _vo IS-inch. solid sand mandrels. These sand mandrels were

fabricated using exlsting tooling located at MSFC. Crates have been produced for the

shipment of the two mandrels. Foil was successfuily demonstrated on the first mandrel
as a method to reiease the shaft from the sand.

2.2 TECHNICAL DIRECTIVE STATUS

TD FPM-23 LIQUID ENGLNE COMBUSTION CHAMBER FABRICATION

Liquid Enmne Combustion Chamber Status

The actuator attachment nng has been bonded onto 60K#19. -7he belly band and drain

tube support pads have also been bonded onto 60K#19. The coordinate measuring

machine was used to verify the positioning of the actuator attachment ring, the belly
band, and the drain tube support pads for 60K # 19.

Encountered problems with the aii mament of the plates that posltion the AA.R that mav

require permanent additional reinforcement for bonding of subseouent chambers. The

bonding fixture had a mlsmatch between the height of the tavo linear actuator plates that

position the tavo betlv band halves. Additional precision shim stock for placement under
the belly-band linear actuators was ordered but has not been received. One of the linear

actuating piates was not tlat enough to hold tolerance. Both pJates have been resurfaced

to the correct heigm and flatness. Optical aiimament wall be used to verify the proper

installation of the acmanng plates. The _vo support beams that have a machined surface
tbr holding the bonding plates in place have been resurfaced and remounted. The
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coordinate measunng machine will be used to re-align the bonding

installation of the newly machined support beams.

t]xmre upon

Bonding of the actuator auachment rang to 60K#22 is scheduled :o begin at_er the

bonding fixture is properly ali maed.

60K #26, which used Flange ,=.24. completed oven cure. was removed from the mandrel

and delivered to the machine shop with no known discrepancies.

Overwrapped 60K Liner V27 with the T300 12K 309NT/828-W carbon/epoxy material.

This chamber used Flange ._24 and was the first from the second shipment of T300. 60K

#27 completed oven cure, was removed from the mandrel and delivered to the machine

shop with no visible discrepancies.

Overwrapped 60K Liner --29 with T300 12K 309NT/828-W carborvepoxy material.

This chamber used Flange .--26 anci material from the third shipment of T300. Liner #29

was tape wrapped to the .30 to i configurauon but will be truncated to a 15 to [ nozzle

due to an error in aiignaing the temgiate while contour machimng. The machining error

left a step in the aft end of the nozzle that was filled wuh Hay-a-Flex. The

chamber/nozzle being cut to a 15 to I allowed the inclusion of intentional defects (PTFE

tape) in the bondline of the region that will be cut off when the chamber is machined to

the 15 to 1 configuration. This should aid NASA non-destructive evaluation personnel

in developing standards for chamber/nozzle bondline integrity.. 60K #29 completed oven

cure. was removed from the mandrel and delivered to the machine shop.

60K Silica:Phenolic Combusuon Chamber Liner --30 (30:1 billet) was tape wrapped.

autoclave cured, and delivered for machining. Upon completion of contour machining, it

was overwrapped using T300/828-W and Flange .=27. The T300 used tbr 60K #30 came

from the third shipment of the carbon fiber.

60K Silica/Phenolic Combusuon Chamber Liner =31 (30:1 billet) was tape wrapped,

autoclave cured and delivered to the machine shop. After the forwarci end was machined.

it was removed from the mandrel and returned to Building 4705 for completion of contour
machining.

60K SilicwPhenoiic Combustion Chamber Liner ,=32 (15:1 billet) has been tare _Tapped
and wall be autoclave cured the first week of November 1998.

Two precision levels and Epon 828 resin were received last week. Eleven _ounds of

silica carbide titled RTV (DC 93-I04) was ordered iast week.

60K Investi_,ation/Ti L,er Team Support

Secuons have been taken from 60K #02 that contain the thermocouDie plugs. Discussed

wuh NASA _hermai analysis personnel the appropriate technique _,o dete,,_,ine the

thermocoupte depth. They ag'reed that computed :omography (CT_ __hould be used to

determine the thickness of the liner at the point where the plugs are located. This
measurement can then be correlated with the measurements taken from the base of the

plugs to the outside contour of the liner to determine the thermocou_[e !ocatmns.

NASA has recmested 2-inch srn_s from each quaqrant of 60K#02 a,nci 60K#06 Ibr char

measurement. NASA has also requested 2-inch srnDs from each quadrant of 60K#12 for
overwrap/liner thickness measurement.
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TD FPM-25 BANTAM COMPOSITE RP-1 TANK

Four rolls of T650-35 3KAYF3325-t05. 60-inch broadcloth were received.

completes the order from TCR Composite Division.

This

TD FPM-27 FABRICATION OF COMPOSITE BONDED JOINT TEST ARTICLES

The first bottle has been wound with LM7/8552 on the IR&D inflatable mandrel and

cured. One dome has been cut off of the first bottle (Bottle 1A) and the second bottle

(Bottle 1B) has been wound and cured• After one dome has been cut offof Bottle IB. the

remaining barrel and dome of Bottie 1A and 1B wall be aligned with the inflatable

mandrel and spliced together with IM7/8552 prepreg fabric to form one long bottle.

Three long bottles are reqmred to complete the prom-am.

TD FPM-29 FABRICATION OF COMPOSITE QUASI-ISOTROPIC PANELS

Completed tape laying of nvo bulk .-'.$4/3501-6 panels. Due to the oraer of processing

and the availability of the autoclave, the second and third bulk panels were autoclave

cured together• The fourth bulk panei was cured by itself when a window opened up tbr

the autoclave. A metal caui pad was used for cure of the fourth panel to help ensure

flatness of the panel. The first panel that was tape/aye& which had been stored in the

freezer-awaiting cure. was also cured using the metal caul pad. A fifth bulk panel has

been tape layed. Aider the fifth panel is cured, sixty 10-inch by 15-inch panels will be cut

from the bulk panels.

3.0 RECOMMENDATIONS/GE_N'ERAL ACTIVITIES

Software

It is recommended that the tape iaying software be ported to _he Silicon Graphics

machine. Training on CATIA and _he new Cincinnati Mitacron Acrapiace software

should be purchasea to ensure maximum uulizatlon of the Fiber Placement Machines

capability.

4.0 UPCOMING WORK

4.1 FUNDED AND AUTHORIZED

TD Prioril_"

FPM00 !LowFPM23 High

FPM27 ]Medium
i

FPM29 t Medium

I Appfication I Work Activity.

} Basle Effort i Fiberptace SCMT and Cylinders

! ' ILiquid Comb Chambers Chamber Fabricauon & Bonding

Bonded Joint Test Filament WindJBond Tanks

, Article t
! Quasl-isotroDm Panels ! Cure & Machine Bulk Panels

Approved by:

Pro m'am Manager

.
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OPERATION/MAINTENANCE OF THE FIBER PLACEMENT MACI_-N'E

AND OTHER RELATED ADVA_NCED COMPOSITE EQUIPM.ENT

MONTHLY TECI{N'ICAL STATUS REPORT

November 1998

1.0 INTRODUCTION

This report summarizes the technical program acuvities on the Fiber Placement Machine

(FPM) Operations and Maintenance Project (Contract No. NASA-39749) for November

1998. The following param'aphs summarize the significant accomplishments dunng the

work period beginning in November. discusses recommendations for MSFC

consideration, and lists the upcoming work to be performed in December 1998.

2.0 SUMMARY OF SIGNIFICANT ACCOMPLISI_IENTS AND EVENTS

60K#21 was fired for rune seconds on November 23. 1998. followed by a i50 second

ftring on November 24. 1998. _nis was the first 30 to 1 nozzle to be tested at MSFC.

The objective of the 150-second test was to determine if a diffuser was reqmred to test

the altitude configuration nozzle at sea level. The NASA MSFC Materials and Processes

nozzle lead reported, upon initial inspection after the second firing, that the nozzle

performed successfully with no anomalous erosion wimessed. NASA did note the

expected cool down cracks in the liner and degradation of the overwrap and bondline at
the aft end of the nozzle.

2.1 BASIC ,MACHINE OPERATIONS

SAND MANDREL FABRICATION

Fabricated the second of two 18-inch. solid sand mandrels. These sand mandre!s were

fabricated using existing tooling at MSFC. The sand mandrels each weigh approximately

-;00 pounds. The outside surface of the mandrels was taped using polytetmfluoroethytene

(PTFE) tape to facilitate processing. The mandrels have been placed in individual crates

and are ready for shipment. A third sand mandrel may be fabricated in December !998.

2.2 TECHNICAL DIRECTIVE STATUS

TD FPM-23 LIQUID ENGINE COMBUSTION CHAMBER FABRICATION

Liquid En,_ne Combustion Chamber Status

Bonding of the belly-band and actuator attachment ring (A.AR), and installauon of the

shear bolts, to 60K#22 has been completed. Final measurements have been taken with a

coordinate measunng machine /CMIVI) on 60K#22 to identi_' the tocauon and
onentatmn of the bonded hardware.

Dry fit and bonding of the A.AR and belly-band for 60K#23

60K#23 wiil be delivered for drilling of the A.4.R shear pinholes.

has been c=.-:,..nieted.

Bonding of the actuator attachment nng to 60K#24 has been completed..X, Ieas_:rements
of the location and orientation of the A.A.R on O0K -24 have been taken using_ :=.=C_L'vl.

60K #24 witl be used to perform a loads test on the A_AR.
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60K Liner ,=.28. a i5:I MXSE 65 liner, overwrapped vath T300/828-W completed oven
cure. This chamber/nozzie used Flanee ,=,27. tt has been removed from the mandrel and

delivered to the machine shop.

60K #30. a 30:1 FM5504/T300-828-W nozzle which used Flange -28, completed oven

cure, was removed from the mandret and delivered to the machine shop. Flange #28 was

available before Flange #27 so it was used for 60K #30. 60K#30 is the first 30:1

configuration chambermozzte to go through the bonding procedure. The AA.R for

60K#30 has been bonded and the first exhaust duct support bracket will be bonded in

early December 1998.

Overwrapped 60K Liner #31. a 30:1 FM 5504 liner, with T300/828-W. This chamber

used Flange #29. The overwrap was oven cured onto the liner and the chambermozzle

removed from the mandrel and delivered to the machine shop.

60K Combustion Chamber Liner :32. a i5:t FM 55,34 silica-phenolic billet. _,as been
autoclave cured and delivered tbr macninine.

The next 60K CC Liner .-'-33 wlil be started when the large autoclave refurbishment has

been completed.

The CMM was used to re-align the bonding fixture after installation of the newly

machined support beams. New pins ibr alignment of the nozzles into the bonding fixture

have been fabricated. Support angles have also been fabricated to reinforce the belly

band bonding plates. A go-no-go gauge has been produced to aid in the measurement of

the distance from the tbrward flange to the belly band.

Two Zentron :u /828-W fiberglass test panels have been fabricated and delivered to

NASA tbr bond testing. Two T300/828-W test panels were also requested for testing of

the bondline between the Lytex ru pad and chamber overwrap materials. The carbon-

epoxy prepreg was fabricated, staged and laid-up _nto the required two test _anels.
These panels were cured and delivered to NASA.

Received and stored approximately 3000 pounds of Cytec Fiberite FM 5504

silica/phenolic bias tape in the vadths required for the next 60K CC Liners.

60K InvestiuataorvTi_er Team Support

NASA requested _vo-inch straps from each quadrant of 60K #02 and 60K #06 for char

measurement. The two-inch strips have been cut from each quadrant of 60K #02.

NASA also requested sectioning of 60K #08 with NASA MSFC's Nondestructive
Evaluation Branch to define the cut locations.

Thermocouple depth measurements have been calculated w_th the aid of computed

tomom"aphy (CT) at the request of the NASA thermal analysis personnel. The locations

of the K thermocouptes had to be esumated because :hey were undetectable by CT. It

was verified that thermal conductivity, compound was injected into the 0.020 inch

diameter holes in the silica-phenoiic plugs prior ro the thermocoupies being bonded into
place.

Set up to filament wind the FM 5504 cylinders using carbon-_henoiic tbr the overwrap

material. Determined that a new delivery, system would have to be produced to handle
the approximate 0. I00" impregnated T300 tow. Yn,is vail delay the winding of the
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cylindersuntalmld-December.-I'hereare two carbon-phenoiicmatenaisthat will be
invesngated.Onematerialis T300carbonfiber impreumated with SC 1008 resin while

the other is T300 impregnated with a modified phenolic resin.

TD FPM-27 FABRICATION OF COMPOSITE BONDED JOINT TEST ARTICLES

One dome has been cut offofBottle IA and Bottle IB. These bottles were fabricated on

an inflatable mandrel with the rubber sleeve and were made using IM7/8552 prepreg that

was on hand. The mtlatable mandrel was also used to ali_m the bottle halves to form

Bottle I. The primary, investigator has inspected and approved the alignment. The bottle

halves will be bonded together wlth an inner and outer belly band. Bottles 2A and 2B

have been wound, cured and cut to length. Bottles 3A and 3B will be wound when the

filament winder becomes available. Three 32-inch long. 18-inch diameter bottles are

required to complete the project.

TD FPM-29 FABRICATION OF COMPOSITE QUASI-ISOTROPIC PANELS

One bulk panel remains to be curea awamng availability of autoclave and cure plates.

After this panel is cured, sixty. 10-inch x 15-inch paneis will be cut from the bulk panels.

3.0 RECOMM.ENDATIONS/GENERAL ACTIVITIES

Software

It is recommended that the tape laying software be ported to the Silicon Graphics

machine. Training on CATIA and the new Cinmrmati Milacron Acraplace software

should be purchased to ensure maximum utilization of the Fiber Placement Machine's

capability.

UPCOMING WORK

FUNDED AND AUTHORIZED

TD Priority Application Work Activity

FPM00 I Low

vl, 3 )High

FPM27 ! Medium
FPM29 (Medium

Approved by: _ /

Progam Manager

Basic EffortLiquid Comb Chambers
I Bonded Joint Test Article
J

[ Quasi-Isotropic Panels

[ Fiber Place SCMT and Cylinders

] Chamber Fabrication & Bonding

t Filament Wind/B°nd Tanks

t Cure & Machine Bulk Paneis
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OPERATION/MAINTENANCE OF THE FIBER PLACEMENT MACI-IINE

AND OTHER RELATED ADVANCED COMPOSITE EQUIPMENT

MONTHX, Y TECI-_IICAL STATUS REPORT

December 1998

1.0 INTRODUCTION

This report summarizes the technical program acnvities on the Fiber Placement Machine

(FPM) Operations and Maintenance Project (Contract No. NASA-39749) tbr December

1998. The following param-aphs summarize the si=_nificant accomplishments dunng the

work period beginning m December. discusses recommendations for MSFC

consideration, and lists the upcoming work to be performed in January 1999.

2.0 SUMMARY OF SIGNIHCANT ACCOMPLISI-_IENTS .A.ND EVENTS

2.1 BASIC 3IAC_ OPERATIONS

2.2 TECH2NICAL DIRECTIVE STATUS

"I'D FPM-23 LIQUID ENGINE COMBUSTION CHAMBER FABRICATION

Liquid Engine Combustion Chamber Status

NASA requested the sectioning of 60K#06 and 60K#11. The flange and actuator

attachment ring sections have been cut from 60K#1 l. 60K#11 was used for load testing

of the actuator attachment ring. 60K#08 has been secnoned with a cutting plan defined

by NASA's EHI3.

Actuator attachment ring shear bolts have been bonded into 60K#23. This 15:! Block 5
(FM5504/T300-828-W) chamber_nozzte will be ready to be delivered to NASA upon

completion of pad bonding.

The gaseous generator (GG)/turbopump bellvband has been bonded to 60K.=25. This

I5:1 Block 5 (FM5504/T300-828-W) chamber:nozzle is now readv to have the actuator

attachment nng and pads bonded to it.

60K#30 was the first 30:1 configuranon chamber,'nozzle to go through the bonding

procedure. The AA.R was bonded to it following completion of the GG band bonding.

Initial attempts to drv fit the first exhaust duct support bracket encountered difficulty..

The exhaust duct support bracket is a solid ring and could not be positioned at the

specified axial position on the nozzle. The dry. fit indicated that the exhaust duct support

bracket would be positioned approximately 0.265 inches tbrward of nominal which was

deemed acceptable by NASA. Measurements from the coordinate-measunng machine

also showed that the nozzle is slightly out of round. After resolution of the exhaust duct

support bracket tocanon, the remainder of the hardware was bonded to 60K -30 This
included the exhaust duct support bracket, the valve bracket supports and the :-r__:

Lytex TM drain tube support brackets.
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A discrepancy report was __enerated tor the as-recmveci condition tbr Flange =30 due to

damage to the forward surface. FIange =30 was then primed in preparation of fabricauon
of 60K #32 when a wmdtn_ machine availability conflict was idenufied. 60K Liner ,_32

had also been placed through a dry. cycle before the schedule conflict was discovered.

The decision was made. based on previous chamber fabrication, that the tiange could be

used as long as it was kept protected until maung with the liner, tt was also decided

though, that the liner should be placed through an additional dry, cycie so it could

immediately go into the bonding process upon removal from the oven. 60K Liner .=.32. a
15:1 FM 5504 liner, was then removed from the oven after the second dry cvcle and

overwrapped with T300/828-W. 60K #32 completed oven cure, was removed from the

mandrel and photo documentation of the seal sun'aces of the forward flange pertbrmed.

The chamber was then delivered for tinal machining.

Six each 9M30887-5 and -" and 10 each 9M30887-_ and -3 Lytex TM brackets have been

received from Thiokol/L'tah. NASA has also requested that the smnger brackets that
attach to the combusnon ci',amber _e tabncated from Lvtex TM. Sixt_' srnn_er brackets

will be reqmred.

In response to the processing or Ftange =30 on t_0K .=,32. a shop traveier was generated to

investigate the shelf life of Cvtec BR-127 primed hardware. The process specification

for the Fastrac nozzle dictates that no more than 96 hours may pass be_veen primer cure

and adhesive application. The studv detailed in the traveler will determine if there is any

degradation of the bondline properties when stored for two. four or six weeks. The

control group of the C?-tec BR-127 primer evaluation buttons have been completed.

These buttons were processed identical to the ideal chamber fabrication schedule where

bonding begins the dav after the hardware has been primed. These have been delivered
to NASA.

Working on convemng the shop travelers to the NASA Orgamzationat Work Instruction

(OWI) format. Continuing work on closing out discrepancy reports on chamber:nozzles
that are being delivered.

60K InvestiganowTieer Team Sut_port

Working on the design of a 0.100" deliver5, system tbr the phenolic imprea'nated T300
carbon tow. One matenai is T300 w_th neat SC 1008 while the other has a modified

phenolic resin. HT 4 t 0Y.

"I'DFPM-27 FABRICATION OF COMPOSITE BONDED JOINT TEST ARTICLES

Three bonded 18-inch diameter bottles are reqmred to complete this proe'cam. The

overall Iength of the bonded articles will be 32 inches. Different splice lay-ups will be
evaluated using the produced bottles. The fifth and sixth IM7/8552 bottles. Bottles 3a

and 3b have been wound and cured. The next step w_il be to cut the domes off and bond

the bottle halves together.

TD FPM-29 FABRICATION OF COMPOSITE QUASI-ISOTROPIC PANELS

The fourth bulk AS4,3501-6 panel was autoclaved cured. All of the paneis were then
machined into six_' 10-inch x 15-inch panels z,hat are ready to be deiivered :o NASA.
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NASA will subject :he panets to impact :estmg and subseouent non-destrucnve

evaluation INrDE). This fulfilled the requirements for this technical directive.

3.0 RECOMMENDATIONS/GENERAL ACTIVITIES

Software

It is recommended that the tape laying software be ported to the Silicon Graphics

machine. Training on CATIA and the new Cincinnati Milacron Acraplace software

should be purchased to ensure maximum utilization of the Fiber Placement ),Iachine's

capability.

UPCOMING WORK

FUNDED AND AUTHORIZED

TD i PRIORITY .APPLICATION WORK ACTI'VII_"

FPM00 ] Low Bamc Effort Fab Sand Maneret/Wind Cviinders

FPM23 I High Liqmd Comb Chambers Chamber Fabncanon & Bonding

FPM27 [ Medium Bonded Joint Test Artci Filament Wind/Bond TanKs

Approved by: -7

Program Manager
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OPERATION/MAINTENANCE OF THE FIBER PLACEMENT MACI=I_'E

.-kND OTHER RELATED ADV-LNCED COMPOSITE EQUIPMENT

MONTHLY TECtL-NICAL STATUS REPORT

January 1999

1.0 INTRODUCTION

This report summanzes the tcchnicai program actwities on the Fiber Placement Machine

(FPM) Operations and Maintenance ProJect (Contract No. NASA-39749) for January

1999. The following para_m'aphs summarize the simaificant accomplishments during the

work period beginning in Januarv. discusses recommendations tbr MSFC constderanon.

and lists the upcoming work to be performed in February. 1999.

2.0 SUMMARY OF SIGNIFIC.&NT ACCOMPLISI=L_IENTS .4aND EVENTS

2.1 BASIC 3IACliII_ OPERATIONS

Altemanve Mandrel Evaiuanon

The planning is being generated for :abncanon of 5.75"" diameter bottles that wlil be

filament wound as part of an effort to evaluate altemauve mandrel materials. The first

bottle was to be wound prior to the winding machine upmade but will now be delayed

until after it is completed.

2.2 TECHNICAL DIRECTIVE STATUS

I'D FPM-23 LIQUID ENGINE COMBUSTION CI-IAMBER FABRICATION

60K Investi_atiorvTieer Team Support
The 60K Investigation has been officiailv closed and the 60K Tiger Team disbanded so

all remaining action ztems will be covered under :he Fastrac tiamd engine combusnon
chamber fabrication effort.

Liquid Enmne Combustion Chamber Status
Continuing to work on the Orgamzatlonal Work Instruction (OWI) tbr the fabncanon of

the Fasla'ac combusuon chambers. Incorporating quaiiw buv-offs to comply with

MSFC-2899. the Fastrac 60K chamber.'nozzte process specification.

The actuator attachment ring and beilv band have been bonded to 60K#25. Tae shear

pins have also been bonded into the actuator attachment ring for 60K#25. T'_e actuator
attachment ring has been bonded to 00K#26.

_ _ ,,,Asnea antiThe desima tbr a bondine fixture for _he valve bracket supports has been _" " '

fabrication has begun. The desigrn of a bonding fixture for the dram tube suppo_ _racket

:s ongoing.

Yhiokol is taking measurements of t_.e overwra_ thickness at the forward end %r ;he

carbon fiber overawapped chambers. -'Ee data wfii be se_egated for the 15:1 ana 30:!
configurations to show the vanauon :: the thicknesses for each winding patter'... _.is
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informat:onwlil beusedtoverify toierances for the a.nachmem hardware bondin_

processes.

Three Lvtex TM pans have been turned over to NASA tor insert pullout tesnng. Three

Lytex TM pads will be bonded to scrap pieces of 60K nozzles for bond stren mh testing.

Pieces have been cut from 60K#08 tbr this tesun_. Six Lytex TM vaive bracket supports

have been received from Thiokol Utah for testing. NASA has provided the revised

design for the drain tube support bracket so Thiokol Utah can have the molds remade.

Photo m-aphs have been received of the cross-secuoned 60K-002 thermocouple plugs.

The measurements of the thermocoupte depths have been recorded and forwarded to
NASA.

A secnon will be cut from 60K#11 tbr analysis of the Iaiture surface between the actuator

attachment ring and the nozzle surface. The metal actuator attachment nng yielded before
the bondiine failed.

The second _OUD Of the Cvtec BR-t27 _nmer evaiuanon buttons has been completed.

These primed buttons had been maintained tbr - weeks and five days at ambient tab

conditions betbre they were bonded. One layer of the EA 9628.06 NW film adhesive was

laid onto the buttons and they were oven cured according to the overwrap cure schedule.

These have been delivered to NASA. The third set of Cytec BR-127 primer evaluanon

buttons has also been laid-up. This set watl reflect any de m"adation m bondline

propernes if primed stainless steel hardware is maintained at ambient lab conditions for

one month prior to use. ,An additional set of buttons is also being fabricated as a control

group to identify, properties when the buttons start cure the same day the EA 9628.06

NW film adhesive _s laid-up. The remainder of the evaluation buttons will be processed

idenucai to the chamber schedule where cure :s started four days after adhesive

applicauon.

The silicone pad _br the af_ end of the combusnon _s being reviewed by Ton"

Technoiogies for quoung purposes. A quote is expected in early February.

A test preparation sheet ITPS'_ has been signed-off for the load testing of the new lifting

hardware. The hardware will be provided when :he contractor is able to pertbrm the

testing. This additional hardware is being load tested to insure that atl lifting operations
performed to support the Fastrac chambermozzie :abricauon are conducted with toad-

cernfied equipment.

Establishing a tes_ mamx to qualify, the new filament winder resin bath for chamber

fabrication. This wlil include the production of double-notch shear and shear modulus

specimens to determine if there is any difference ',n the fiber-mamx interlace propemes

due to the new system.

As par_ orthe alternate overwrap mater_ai study for :he Fastrac chambers, two carbon-

phenoiic matenais were purchased. One Is the T_'-90 carbon fiber ,mpreg-nated with neat

SC I008 phenolic whlle the other is 2-300 impre_.ated with a modified phenoiic resin.

HT 410Y. Fabricated prepreg taoes from the two _.pes ofimprewnated tow. These w_ii
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_Seused for resin flow tests immediateiy praor to wmaing of Fastrac throat test cylinders

for the two materials.

TD FPM-27 FABRICATION OF COMPOSITE BONDED JOINT TEST ARTICLES

Three 32" long, i S'" diameter bottles are being fabrlcated to sansfy the requirements for

this program, Different splice lay-ups will be evaluated using the produced IM7/8552

carboruepoxy bottles. Bottle halves la and Ib were aligned and bonded with EA 9394.

The IM7/8552 cloth inner and outer belly bands were then laid and cured. The end

bosses have been sealed wlth polysulfide and Bottle ,,=01is ready to deliver to NASA.
The bottle halves for Bottle 2 have a diameter mismatch. NASA has decided the bottle

halves should be remade. Bottle #3 will be joined and the belly bands will be laid up

using a reverse pyramid stacking sequence. The belly bands for Bottle ,=,I used a

standard pyramid stacking sequence.

TD FPM-29 FABRICATION OF COMPOSITE QUASI-ISOTROPIC P.MN_ELS

Sixty. I0" x 15"'. :ape-laid.._,55.'3501-6 t_aneis have _een cielivered to NASA. NASA

will subject the panels to impact zesnng and subseauem non-destructlve evaluauon

(b/DE). This fulfills the contract reamrements for this effort.

3.0 RECOMMENDATIONS�GENERAL ACTIVITIES

Software

It is recommended that the tape laving software be ported to the Silicon Graphics

machine. Training on CATIA and the new Cincinnati Milacron Acraplace software

should be purchased to ensure maximum unlizatlon of the Fiber Placement Machines

capability.

UPCOMING WORK

FUNDED AzND A UTHORIZED

"I'D I PRIORITY

FI_MO0 l Low

FFM23 I Hi_
FPM27 i Medium

[APPLICATION

[ Basic Effort

) Liqmd Comb Chambers

] Bonded Joint Test Artcl

WORK ACTIVI'I'Y

Fab Sana MandrebWind Cylinders
II

Chamber Fabrication & Bonding

Filament Wind/Bond Tanks

Prom-am Manager
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OPERATION/MAINTEN.gNCE OF THE FIBER PLACEMENT 3IACFf_"E

._ND OTFIER RELATED ADV._NCED COMPOSITE EQUIPMENT

MONTHLY TECtLNICAL STATUS REPORT

February. 1999

1.0 INTRODUCTION

This report summarizes the technical pro_am activities on the Fiber Placement Machine

(FPM) Operations and Maintenance ProJect (Contract No. NASA-39749) for February.

1999. The following para m--aphs summarize the simaificant accomplishments during the

work period beginning in February., discusses recommendations for MSFC

consideration, and lists the upcoming work to be performed in March 1999.

2.0 SUMMARY OF SIGNIFIC.MNT ACCO3IPLISI-LMENTS AND EVENTS

2.1 BASIC MACHINE OPE1L-XTIONS

2.2 TECII2VICAL DIRECTIVE STATUS

I'D FPM-23 LIQUID ENGINE COMBUSTION CHAMBER FABRICATION

The upgrade to the EnTec honzontai winding machine was completed at the end of
January. As part of the venfication of the upgrade, the successful dry. filament winding

of one layer of T300 fiber on a 30:1 chamber:nozzle was to be completed. This was to

verify that the upgrade did not alter the machine motion and. consequently, overwrap

fiber alimament. It was to be judged as successful if the pattern completely covered the

surface area of the liner. Dunng and after this process there were _vo compiicauons that
occurred. The first complication was that initially the winding machine oscillated along
the axis of the shaft of the mandrel when loaded with the 30:1 liner:overwrap mandrel

assemblv. The winding machine was tuned while the manufacturer was compietmg the

upgrade but not with a mandrel/component that weighed nearly as much. The weight of

the liner/overwrap mandrel assembly is in excess of 500 pounds. Adjustments were

made to the machine to enable the successful winding but further improvements/tuning
may be required. The second problem was that after the winding was completed and
liner was to be removed from the mandrel, the nut used to secure the forward

domeiflange and prevent rotation was srnpped on the shaft and could not be removed.

The assembly was delivered to NASA tbr removal of the nut.

The actuator attachment ring and bellvband were bonded to and the shear pins installed

in the actuator attachment nng (AAR_ of 60K#27.

The actuator attachment rang has been bonded to 60K#31. Bonding tixtures tbr the valve

bracket supports and the drain tube support brackets were desimaed and fabncated. "I7-,e

bonding fixtures tor the valve bracket support pads were used for the dry' tit anti bonding

of the valve bracket supports on 60K#31. The d_" tit indicated that 0.090 to 0. t05 inches

had to be machined from the surface of the pads..-X, Rer the pads were machined, they

were used to drv fit to tour of the combustion chambers. The shear pins were then

installed on 00K#3 !aiong with the vaive bracket supports. Bondline data for t_'.e
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Supports was collected which will be used to modify the desired for future pads. The

bondlme on the valve bracket support pads/'or 60K#31 ranged from 0.011 to 0.054 in.

The drain tube support brackets will be installed on 60K#31 in early March with the new

dram tube support bracket-bonding fixture.

Support blocks have been machined for the bellyband-bonding fixture. These blocks
wall support the actuating plate used to mount the betlyband on 60K nozzles. Custom

stamped stainless steei peetable shims have been ordered. These shims will be used
when necessary, to bridge the gap between the stranger brackets and the valve bracket

supports.

Overwrapped 60K Liner r_33. a 30:1 FM 5504 liner, with T300/828-W. This chamber.

60K #33, used Flange .=,31and is the last to be fabricated to Thiokol documentation. All

remaining chambers will be overwrapped using the NASA organizational work

instruction (OWB. Dunng the filament winding process, when starting the first circuit

to lay immediately amacem to another wound circmt, a gap was noticed. It was decided

t-hat the mandrel configuranon inad _ro0ablv allowed some rotation of the mandrei.'tiner
and that the nut at the forward end shouid be tl__htened. The nut was re-tightened but the

machine automatically zeroed out its axes orientation and couid not be restarted at the

stopping point as the old control software had allowed. This probletrvdifference :s being
worked with EnTec. :he winding machine manufacturer. The wound circuits were

stopped off and the winding was restarted with no gapping occumng. The winding was

completed on 60K _._o. it was vacuum bagged and oven cured. The cooi down rate

criteria for both the overwmp cure cycle and the dry. cycle will be established as having a

maximum rate only due to the fact the Despatch Oven will not cool from t 75 to 150°F

wathin the range specified in the Fasrmc process specification.

Performed two dw cycles on 60K Liner _34 due to no record of successful oven

performance for the first cycle. Upon completion of the second cycle, the overwrap

manufactunng process was started. The EnTec winding machine continued to have

problems with bandwidth ali m_ment and orientation. The first artempt to wind the initial

laver on the chamber resulted in a gap betaveen bands that should have been adiacent as

the overwrap for 60K ;;33 had done. The first few circuits were strapped off. the iaver

restarted and it closed correctly. The problem is atmbuted mainly to the software not

maintaining an absolute origin, a fixed 0 ° rotanonai orientation, like the old softavare

did. The problem has not occurred while winding smaller parts but. when loaded with

the weight of the 30:1 tiner/overwrap mandrel, has occurred for both chambers processed

since the up m-ade.

The 60K CC Liner Tapewrap has been put on hold unni NASA Quali .ty Control reviews

the 60K Organization Work Instruction (OWI). 60K CC Liner .--36 wiil be started after

NASA QC reviews the OWI.

The siiica phenolic plies have been cut and vacuum bagged .,or six 60K CC liner exhaust

duct flange heat shields. The billets wliI be autoclave cured.

Have completed producnon and testing of the final set of C\:ec Fiberite BR-127 :nmer
evaluation buttons. This test was to determine if there is any de.o-radanon of bondiine

proDernes when _r:med stainiess steei hardware Is .,r_amtamec at ambient lab conciitions
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i'or up to taro months. The preliminary, results do not indicate a decline m bondiine

properties for this umeframe.

Ton- Technologies indicated the extruded silicone pad that will be used for the aft end of
the combustion chambers should be delivered in eariv March.

Desimaed and fabricated new resin bath combs that wlll permit the use of the four-inch

wide roller setup. The tbur-inch configuration uses a smaller resin bath and thus less

resin than the baseline new resin bath assembly that uses a 12-inch roller. The spacing

of the pins on the comb from the resin bath currently used for Fastrac charnbermozzle

production was sufficient to enable the use of the four-inch rollers and was chosen to

minimize the changes in the impreg'nation process. Wound the octagonal mandrel wlth

T300/828-W using the old resin bath. The -,-45° pattern will make the shear modulus

samples that have been specified in the new resin bath comparison plan outlined by
NASA. Also filament wound and cured a shear modulus sample part on the octagonal

mandrel using the new resin bath setup.

Fabrication of the 0. !00" deitverv _v_tem :or the filament winder has been completed.

The rollers enabled the evaiuauon or two carbon-phenolic prepreg materials tbr potential

use as the Fastrac overwrap. Attempted to wind Cylinder 23A. a FM 5504 cylinder, with

the modified carbon phenolic towpreg, T300/HT410Y. The material broke repeatedly

when coming offthe spool so this material was classified as being unable to process in

its current configuration. Successfully wound and cured the T300/SC 1008 carbon-

phenolic towpreg on Cylinder 23A. There was only sufficient material to wind one layer

onto Cylinder 23A.

TD FPM-25 BANTAM COMPOSITE RP-1 TANK

The burst test of Tank 3 ("The Pathfinder") was performed successfully. The tank

ruptured at 180 pslg i230% maximum desired pressure. MDP). The preiimmar?"
assessment indicates the failure did no_._ttoccur at the beilvband. Weeping was observed in

a few locations prior to rupture. Prior to the burst test. the tang had been cycled to the

proof test pressure t I 17 psi. 150% MDP) three times.

"I'D FPM-27 FABRICATION OF COMPOSITE BONDED JOINT TEST ARTICLES

Three 32-inch long. t S-inch diameter carbon epoxy bottles are requ:red to complete this

program. Bottle 1 has been bonded and is ready for testing. NASA plans to use the

hydroburst cell to test this bottle and Bottle 3 which will be loined w_th the belly bands

laid up using a reverse pyramid stacking sequence.

3.0 RECOMMENDATIONS/GENERAL ACTIVITIES

Software

It is recommended that the tape laying sot_vare be ported to :he Silicon Graphics

machine. Training on CATIA and the new Cincmnan Milacron Acramace software

should be purchasee to ensure maximum utilization of the Fiber Placement .Machines

capability'.
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4.0 UPCOMING WORK

4.1 FUNDED AND AUTHORIZED

TD

FPM00

PR/ORITY I A.PPLICATION

Low Basic Effort

t WORK ACTIVITY

Miscellaneous ComposxteFabricanon

FPM23 !High

FPM27 !Medium

f Liquid Com0 Chambers i Chamber Fabrication & Bonding

! Bonded Joint Test Artci I Filament Win&Bond Tanks

Approved by:

Pro_am Manager
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OPERATION/MAINTEN._\CE OF THE FIBER PLACEMENT 3IACHE_E

AND OTHER RELATED ADVANCED COMPOSITE EQUIPMENT

MONTF[LY TECHNICAL STATUS REPORT

March 1999

1.0 INTRODUCTION

This report summarizes the technical pro_am activities on the Fiber Placement Machine

(FPM) Operations and Maintenance Prmect (Contract No. NASA-39749) for March

1999. The following param'aphs summarize the m._mficant aceomplishrnents during the

work penod beginmng in March. discusses recommendations tbr MSFC consideranon.

and lists the upcoming work :o be performed in Apni I999.

2.0 SL_I_IARY OF SIGNIFICANT ACCOMPLISI-E_IENTS AND EVENTS

In response to our submirtai of a proposal for extenmon through December 31. 1999,

NASA/MSFC has dis0atched a tetter mdicanng their interest in havmg the FPM
transferred to them at no cost. A written Thiokol response is being prepared for dispatch

this week offering the machine to them at no cost at the end of a multi-year tbllow-on

contract. Our current contract period of performance expires March 3 I. 1999.

Recmved Modificanon 39 providing S 110.000.00 in additional funding.

The X-34 structural test arncie is scheduled for rollout at the NASA Dryden Flight

Research Center. Edwards. Calif.. April 30. 1999. The X-34 will be powered by the

Fastrac engine, which we fabricate the combustion chamber and nozzle at the NASA

Marshall Space Flight Center. Huntsville. Ala. Fastrac is a singie-stage main engine.

which burns a mixture ofliomd oxygen and kerosene. Six NASA centers, nvo

Department of Defense insmilations and an mdustD' team led by pnme contractor Orbital

Sciences Corp. are suppomng the development and eventual flight testing of the X-34.

Marshall manages the pro_am for NASA

2.1 BASIC MACHINE OPERATIONS

Completed lay-up and autoclave cure of an IM7.,'977-6 development flange. This is to

determine optimal lay-up and vacuum bagging techniques for the composite component.

2.2 TEC1LNICAL DIRECTIVE STATUS

TD FPM-23 LIQUID ENGINE COMBUSTION CHAMBER FABRICATION

Received and stored a shmment of approximately _200 lbs. of FM-550-1 Silica.'Phenoiic

rape (lot _=412295) :i)r O0K L:ners 1-_6 liners). Resin flow tests were completed and a

panel was laid-ut_ and wiii :ce cured along with 60K36 liner for Double Notch Shear
IDNS) tesnng. Tave wrao a:d autoclave cure of 60K36.60K37. anti 60K38 was
comoieted.
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Completed dry cycle, overwrap, and oven cure of 60K34 and 60K35.30:1 FM5504 liner

overwrapped with T300/828-W. It was noted that the Despatch Oven is not cooilng

sutticiently to meet the FASTRAC process speciI_cation. MSFC - 2899. This condition

was turned over to the facilities support contractor who is trying to ensure the baffles at

the front of the oven will open property on cool do_.

Completed fabrication of filament wound parts to produce specimens for qualification of

the new resin bath for the honzontal winding machine.

Worked with NASA_ MSFC EH33 on revising the overwrap section of the Fastrac 60K

process specification. The organizational work instruction for this process was atso

modified to comply with the revisions to the process specification.

Overwrapped Cylinder 22C. a FM 5504 cviinder. ,.vlth T300/828-W using the new resin

bath. The ends wiii be cut off ana NDE permrmed. This cviinder is the finai comDonem

to be wound as part or the ,.enficazzon :iaat the use of the new resin bath xv_ilnot cause

any de m'adation to the overwrat) material properties

The drain tube support pads were installed on 60K#3 I. These brackets were moided by
ThiokoVUtah and modified here at SEHO..Inserts were also installed by SEHO. The

actuator attachment rang, belly-band, shear bolts, valve bracket support pads. and drain

line support pads were bonded to 60K32. The actuator attachment rang, exhaust duct

support bracket, bellv-band, shear bolts, and valve bracket support pads were bonded to
60K33.

NASA personnel bonded the first set of new valve bracket support pads to 60KI 6 and

60K18 at Stennis Space Center.

The molds for the vaive bracket support pads and the drain line support pads have also

arrived. SEHO is now moiding L.vtex TM brackets. The first sets of valve bracke: support

pads produced at SEHO were molded successfully and inserts were installed. Valve

bracket support pads were bonded to 60K26 and drain tube support pads were conded to

60K25. Valve bracket support pads were bonded to sections of 60K08 tbr pull _.ests.

Design was initiated rbr a rolling pallet that can be used to move 30 to i configuration

chambers in and out of the bonding I_xture. Due to height considerations, the 30 to 1

nozzles are currently placed on breather cloth to accommodate sliding the nozzie into the

bonding fixture

TD FPM-25 BANTAM COMPOSITE RP-1 TANK

The burst test of TanK 3 ("The Pathfinder") was performed successfully. The :an._

ruptured at 180 pslg (220% maxlmum desima pressure. MDP). The preiimmaB

assessment indicates _.he failure did not occur at the beltvband. Weeping was o___era'ed tn

a few locatmns prior to rupture. Prior to the burst zest. :he rank had been c\ciecl :o the

proof test pressure ( i T, _st. t50°/,, MDP) three t_mes.
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TD FPM-27 FABRICATION OF COMPOSITE BONDED JOINT TEST ARTICLES

NASA ED72 has p_cked up the hydroburst ceil to test Bottle 1 and Bottle 3. The two

halves of Bottle 2 were bonded together at the butt joint with EA9394.

RECOMMENDATIONS/GENERAL ACTIVITIES

Software

It is recommended that the tape laying sof_vare be ported to the Silicon Graphics

machine. Training on CATIA and the new Cincirmau Milacron Acrapiace software

should be purchased to ensure maximum utilization of the Fiber Placement Machine's

capability.

UPCOME_G WORK

FUNDED AND A UTHORIZED

TD

FPM00

PRIORITY

Low

FFM23 High

FFM27 Medium

.APPLICATION ' WORJ( ACTrVITY

Basac Effort Miscellaneous Composite
Fabrication

Liquid Corn0 Chambers 1 Chamber Fabrication & Bonding

Bonded Joint Test A_rtc'i +Filament Wind/Bond Tanks

Approved by: /,

./," [ J'.

:'/L, I.A6elham

Pro_am Manager
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Ot'ERATION/MAINTENANCEOFTHE FIBER PLACEMENT 5IACHJ_NE

AND OTHER RELATED ADVANCED COMPOSITE EQUIPMENT

MONTHLY TECI_ICAL STATUS REPORT

April 1999

1.0 INTRODUCTION

This report summarizes the technical program activities on the Fiber Placement 51achine

(FPM) Operations and Maintenance ProJect (Contract No. NASA-39749) for April 1999.

The tbllowmg paragraphs summarize the sig'nificant accomplishments during the work

period beginning in April. discusses recommendations ibr MSFC consideration, and lists

the upcoming work to be performed in May 1999.

2.0 SL_IMARY OF SIGNIFICANT ACCOMPLISt_IENTS AND EVENTS

A request was received to orovlde .NAS:-L,'NISFC :l_.efollowing and was suppiieci:

• The de_ee as which SEHO uuiizes sinai1 businesses per the current conrr=ct

• The groups or companies that perform FP.M maintenance

• A list ofempioyees utilized on this contract and their job titles

Modification #--40 allowing for a slx month no cost/no tee extension of this contract

through September 30. i999. was completed ,_nd released. Additional funds of

Sll0.000.00 were also included in this modificauon. It is anticipated that these thnds

will provide for pertbrmance through May 3 I. 1999

Conrmued to provide intbrmation to David Morgan and Keteta White reiauve to

NASA/MSFC completing a tbllow-on FPM contract. A meeting was held xxnth Corky.

Clinton to discuss NASAJMSFC Procurement's oian to issue a fixed price IDIQ follow-on

contract..\Jr. CIinton was in a_wreement that this wouid not be beneticiai to e_ther 7niokoi

or Marshall and plans to meet with Kim Whitson. David Morgan. etc. to discuss his interest

_nestablishing a cost reimbursable n'pe contract s_miiar to the one currently in place.

On Friday..-kpn] 30. :_ NASA's Dryden Flight Research Cen_er at Edwards. Cahf. :he X-

34 was unveded to an audience of govemmen_ and industry, officials. The X-34

technology demonstrator will be the first in a series of experimental vehicies leading the

way to a low cost. fully reusable, commercially developed and operated space :2eet after

the turn of the century. The Fastrac 60K engine that was desimaed and built at NASA's

Marshall Space Flight Center wiil power the X-34 technology demonstrator.

2.1 BASIC 3IACHI_E OPERATIONS

Filament \round a 5.-__'" diameter bottle on the segmented mandrel as t_ar_ of a ceaang

feaslbiiirv study. -F.2_emandrel had been coated pr:or _o winding of the carbon e=cx.v
matenai. "E,ae bottie was vacuum ba-_,_,edand oven cured. The bottle. :nciudin__ =e _oiar

boss regtons, was secttoned to vtsuaiiv inspect the cross-secuon, t S. Richarasor,_
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Starteddiscussionswith the NonmetaiticsProcessesBranchon the fabricanon of

composite material property, panels using the hand lay-up and fiber placement processing
methods.

Hand-laid and autoclave cured a -_8-ply composite _anet tbr a coaung development

study. The panel was fabricated using TCR prepreg that was on hand but that had

exceeded the recommended i-year shelf life. The panel was cured at 30 psi with a target

cure hold temperature of 270°F.

Gonformal. Common Bulkhead. Aeroget-insutated Tank: Attended a meeting to discuss

the possibility, of fabncatmg either liquid hydrogen ILH:) - liquid oxygen _LOX_ or a

RP-LOX with a common bulkhead tank. Aeroget is to be used as the insulation between

the two tanks. Preliminary. desig-n reviews are leaning towards a tank-by-tank

configuration. MSFC has inquired about the conformable tank work that Thiokol Utah

presented in March. MSFC has matured about the teastbility, of fiber placing or filament

winding all or part ot the confi__urat:on,

2.2 TECI:£NICAL DIRECTIVE STATUS

TD FPM-23 LIQUID ENGINE COMBUSTION CHAMBER FABR/CATION

Tape wra_ and autoclave cure of 60K39.60K40. and 60K41 was completed. These liners

were sent to 4705 machine shop for contour machining

Completed dry. cycle, overwrap, and oven cure of 60K36. 60K37, and 60K 38.30:1

FM5504 liner over_vrapped with $2 ,ziass/828-W 60K33 was over_vrapped with
T300/828-W.

Pertbrmed dry. winding of tows over the backing film _rotected adhesive on 00K3S. The

machine is still having problems with the pattern ciosin_. After repeating the dry

winding process three times, the pattern ctosed. The backing was then stopped off of the
adheslve and the filament wmdine ot the three layers of T300/828-W was successfully

completed

When the winding machine upgrade checkout was performed, dry.winding of a complete

[ayer to verify pattern closure, the machine continued to display tracking problems. The

Iiner was then used to aid the machine manufacturer in trT.ing to correct the problems.

The shear modulus samples for the resin bath comparison study were tested. The data

showed closer correlation benveen the new and old resin bath matenat properties than

the double notch shear test indicated. However. the samples produced from the old resin

bath part m February as compared to the ones final machined in late March were

sKmaificantiy lower. Determination of cured resin content tot the old and new bath

components _songoing.

The bonding fixture ,,,,as modified _o aitow angular Dosmonmg venficatmn of the three

metal harciware pleces. Preclsmn 1.006 inl w_re \vlil be used to hang a plumb bob so the

angular iocauon of the hardware can De verified.
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Valve bracket suppor_ pads and drain line ciamvs were bonded to 60K2.3 and 60K22.

Bonding of 60K34 beitv-band and actuator attachment ring was completed.

60K32. 60K33.60K25. and 60K26 were shipped, b0K27. 60K29 are readv tbr final

inspecuon.

Lytex TM pads bonded to secuons of 60K08 were puil tested this week. The Lytex TM pads

tailed at 1700 to 2100 pounds

TD FPM-27 FABRICATION OF COMPOSITE BONDED JOINT TEST ARTICLES

The outer and inner belly-band for bottle .--2 was laid and cured. Polvsulfide was used to

seat the polar boss iomts.

RECOMMENDATIONS/GENERAL ACTIVITIES

Software

It is recommended :!:at d-,e :zne ia'..'m__ __oftware _e ported to the Silicon Graphics

machine. Yrainin2 on CATIA and the new Cinmrman Milacron Acraplace software

should be purchased _o ensure maximum utilizauon of the Fiber Placement Machines

capability..

UPCOMING WORK

FUNDED A.X_DAUTHORIZED

"I'D PRIORITY APPLICATION WORK ACTIVITY

FPM00 Low Basic Effort Miscellaneous Composite
Fabrication

FPM23 High LiauldComt_ Chambers Chamber Fabncanon & Bonding

FPM27 Medium Bonded Joint Test Artcl Bond Tanks

Approved by: - /

L. I,,Pelham

Pro m'am Manager
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OPERATION/MAINTEN._LNCE OF THE FIBER PLACEMENT 3IACI-I_"E

AND OTHER RELATED ADV.ZNCED COMPOSITE EQUIPMENT

MONTHLY TECI-L-NTCALSTATUSREPORT

Mav 1999

1.0 INTRODUCTION

This report summanzes the technicai program acuvities on the Fiber Placement Machine

(FPM) Operations and Maintenance Project (Contract No. NASA-39749) for May 1999.

The following paragaphs summanze the significant accomplishments dunng the work

period beginning in May, discusses recommendations for MSFC consideration, and lists

the upcoming work to be performed :: June 1999.

2.0 SL3IMARY OF SIGNIFICANT ACCOMPLISI-E_IENTS .-LND EVENTS

Recmved Technical Direct:','es FPM-5" _Fabncanon of Composite Elbow Ducts). FPM-

32 (Fabncation of Composite Pane's :or X-33) and FPM-33 Fabncauon of Composite.

Cryogenic. Contbrmal. Common Bulkhead. Aerogei-Insutated Tank _CBAT)).
NASAfMSFC was advised that the :echnicai direction be considered out of scope.

Prepared and dispatched Cost Plus Fixed Fee proposal in response to Technical Direcuve
FPM-3I in the amount of 596.919. FPM-32 in the amount of $29.865. and FPM-32 in the

amount of S29.865.

2.1 BASIC MACHINE OPERATIONS

The umdirectional panels. LM21CO3F-UNI-8-t through 3. and the =45 panel.
LM21CO3F-m45-8-t. were hand laid and autoclave cured. The additional LM21CO3

fabric matenat recmved bv the customer was 6K instead of 12K fabnc and thus the

fabricauon of the quasi-isotroplc fabric oanels are on hold unui 12K matenai droves.

NASA's rapid prototyping _oup ?'.as oroduced a l/5-scaie model or the Contormal.

Common Bulkhead. Aerogei-insuiated Tank to be used for filament winding feasibility

testing. The model was attached to a -:haft for winding testing.

2.2 TECHNICAL DIRECTIVE STATUS

TD FPM-23 LIQUID ENGINE COMBUSTION CHAMBER FABRICATION

Tape _ap and autoclave cure of 60K42. and 60K43 was completed. These liners were sent

to 4705 machine shoo tbr contour machining

The overavrap processing of the Fasrrac chamber.'nozzles is on hold pending comNenon

ot the renmrs of the horizontal wmd,.z,.z machine and the upgrade or the Desvatch Oven.

Bondin.- of 60K34 and 60K35 was completed and all positioning was ver:ried b'," CMM

"he belly band. actuator attacmuem r:ng and exhaust duct support were bonded :o 00K36.
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60K36 was delivered to the machine shop forshear boit macmning. Bonding for 60K38

has begun.

Iniual testing of Lvtex::" pads with moid-in inserts showed a substanual increase zn

strengnh. A set of smaller inserts v¢ili be ordered to eliminate the customizing of the

inserts and more pads will be molded for testing.

RECOMMENDATIONS/GEI'_ERAL ACTIVITIES

Software

It is recommended that the tape taying software be ported to the Silicon Graphics

machine. Training on CATIA and the new Cincinnati Milacron Acraplace software

should be purchased to ensure maximum utilizanon of the Fiber Placement Machines

capability..

UPCOMING WORK

FI.,.'NDED A_ND AUTHORIZED

TD

FPMO0

PRIORITY !APPLICATION ,, WORK ACTIVITY

Low iBasle Effort Miscellaneous Composite

I • - Fabrication

FPM23 High ] Liquid Comb Chambers I Chamber Fabncauon & Bonding

Approved by: ...

/ ,/ ',,//

%[ I. 2'elham

Progam Manager
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OPERATION/MAINTENANCEOFTFIE FIBER PLACEMENT MACHINE

AaND OTItER RELATED ADVANCED COMPOSITE EQUIPMENT

MONTHLY TECHNICAL STATUS REPORT

June 1999

1.0 INTRODUCTION

This report summanzes the technical pro wram activities on the Fiber Placement Machine

(FPM) Operauons and Maintenance Project (Contract No. NASA-39749) for June 1999.

The following para wraphs summarize the significant accomplishments during the work

period beginning in June. discusses recommendations for MSFC consideration, and lists

the upcoming work to be pertbrmed in July 1999.

2.0 St3IMA.RY OF SIGNIFICANT ACCOMPLIStEVIENTS AND EVENTS

The proposals tbr FPM TD-33 _CBAT Project_ and FPM TD-23R6 IFabncanon of

Liquid Engine Combusnon Cham0ers_ were comDieted and were dispatched to Keteta
White. NASAJMSFC for review. Proposals were m the amount of $163.098 and

$326.368 respectfully.

2.1 BASIC MACHLNE OPERATIONS

The eight-ply quasi-isotropic panels (LM21C03F-QI-8-1 through 4) were laid-up and

cured. The traveler rbr the 141 ply quast-isotroplc panel (LM21C03F-QI-I-!a-t) was

completed.

Laid-up and cured an eight-inch Composite Duct =t. Material tbr the first two iavers of

composite duct .=,I were cut with the Cutting Edge:Gerber automated cumng knife.

NASA's rap_d prototypmg g-roup fabricated a 1/5-scale mandrel to be used tbr filament

winding feasibiliw testing. The mandrel was wound with IM7/8552(two tows) and

cured. The mandrel collapsed under the pressure of the autociave cure. Another rapid

prototype t/5-scaie mandrel will be produced to use as a pattern for a sand mandrel

2.2 TECFLN'ICAL DIRECTIVE STATUS

TD FPM-23 LIQUID ENGINE COMBUSTION CIL-LMBER FABRICATION

Tape wrap and autoclave cure of 60K44. and 60K45 was completed. These liners were sent

to 4705 machine shop for contour machining

-Fae overwrap processing of the Fastrac chamber,nozzies resumed w_th o\e_',Tat3 and
cure ot60K39.

Atter revlew or"the com_uted tomography (CT'_ resutts for 60K39. the decision was
made to scrape excess resin durine the wmdin_ or 60K40. Chamber:nozzles from which
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theexcessresinwasdotscrapedduringwinding,snoweda'swlri effect"in theCTscans
justaft of thethroat.The swlrt effect has been atmbuteci to resin buiid-up.

Bonding of 60K36 was completed and all posmomng was verified bv CMM. The

actuator attachment r:ng, shear bolts, and valve bracket support pads were bonded to

60K38. The exhaust duct support bracket, betlv-band and actuator attachment nng were

bonded to 60K37.

The CMM has been shipped back to the manuthcturer for renewal of the warrant3" and

should be received back in early Julv

P50 cork will be used as TPS for the combustion chamber nozzles. The first set of cork

was cut on the Cumng Edge/Gerber automated cumng knife. NASA successfully

bonded the cork to O0K35. Some minor adjustments will be made to the cork cumng

patterns to improve me fit for the next chamber/nozzie

t_ECOMMENDATIONS/GENERAL ACTIX, qTIES

Software

It is recommended :hat the tape ia'.,mg software be ported to the Silicon Graphics

machine. Training on CATIA and the new Cincinnati Milacron Acraplace software

should be purchaseci :o ensure maximum utilizanon of the Fiber Placement Machine's

capability..

UPCOMING WORK

FUNDED AND AUTHORIZED

TD PRIORITY I APPLICATION WORK ACTIVITY

FPM00 Low Basra Effort Miscellaneous Composite

Fabrication

FPM23 High Liamd Comb Chambers Chamt_er Fabrication & Bonmng

Approved by: ,1-,

,-&._ I. P_lham
Pro_am Manager
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OPERATION/MAINTENANCEOFTIll FIBER PLACEMENT MACH_'E

,UN'D OTHER RELATED ADVANCED COMPOSITE EQUIPMENT

MONTttLY TECHNICAL STATUS REPORT

July 1999

1.0 INTRODUCTION

This report summar:zes the technical prom'-am activities on the Fiber Placement Machine

(FPM) Operauons and Maintenance Project (Contract No. NASA-3 9749) tbr July I999.

The following paragraphs summarize the siwnificant accomplishments during the work

period beginmng in July, discusses recommendations for MSFC consideration, and lists

the upcoming work to be performed in August 1999.

2.0 SL_IMARY OF SIGNIFICANT ACCOMPLISI_IENTS AND EVENTS

Met with NAS,_MSFCs David .Morgan and Sandy Presneii to discuss the status of the

Fiber Placement Machine totlow-on contract. The S_TIopsis ',,,'as posted on Thursday,

July 15, and interested firms ?,ave i5 davs to submit, in writing, their

qualifications/capabilities.

Additional DD1861 rbrms were requested by Sandy Presneil per Technical Directive

proposal's -31 (Composite Elbow Ductsl. -32 (Composite Panels tbr X-331. and-33

(CBAT Project). This information was obtained and dispatched per her request.

2.1 BASIC .'VIACHINE OPERATIONS

The 144 ply quast-tsotropic panel (LM21C03F-OI-14a-t) was laid-up and cured. Laid-

up and cured fiber tAaced panels tLM21CO3-L_I-8-1 and 2). One week dunng

t'abrication flumldit_" levels in the fiber placement iab were out of the spemfied range so

no panels were fiber placed that week. The humidly' stayed around 58% in the tab and

the specification reamres a maximum of 50%.

2.2 TECHNICAL DIRECTIVE STATUS

TD FPM-23 LIQUID ENGINE COMBUSTION CHA3,IBER FABRICATION

Tape wrap and autoclave cure of 60K46.60K47.60K48. and 60K49 was completed. These

Iiners were sent to 4"05 machine shod tbr contour machining

Completed dr5."cvcie, overwrap, and oven cure of 60K40.60K41.60K42. and 60K43.

60K43 which is the bemnnin_ ota series of eight i5 to I confi_,.urauons.

60K21 and 60K16 ".ere sectioned for post :ire eva[uauon. ,.!-he desL_o-nand anaivsis

group is currentiv des_gmng a holding fixture for secuoning of the nozzles. The process
:or secnomn_ 00K2: and 60K16 was reviewed b,v SEHO __azerv. Process redlines
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required dunng secnonmg of 60K21 were recorded and wiI1 be mined over to NASA for

integration into the organizational work instruction (OWl).

Bonding of 60K37 was completed and all posmoning was verified bv CMM. -Fhe

exhaust duct support bracket, beltv-band and actuator attachment rang were bonded to
60K39.

G12 panels for the "oId'" and "new" resin baths were fabricated, machined and were

turned over to NASA tbr tesung. The double notch shear samples were machined. The

double notch shear samples were turned over for testing.

RECOMMENDATIONS/GENERAL ACTIVITIES

Software

It is recommended :!_at the tape i_,,'mg somvare be ported :o the Silicon Graphics

machine. Training on CATIA ano :he new Cincinnati Milacron Acrapiace sotS'ware

s-houid be purchaseci :o ensure maximum uniizauon of the Fiber P!acement Macflines

capability.

UPCOMING WORK

FUNDED AND AUTHORIZED

TD t PRIORITY

FPM00 Low

APPLICATION

Basic Effort

WORK ACTIVITY

Miscellaneous Composite
Fabrication

FPM23 f High Liquid Comb Chambers Chamber Fabncauon & Bonaing

Approved bv: -:

¢,

JL. Jd/Petham

Pro m'am Manager
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OPERATION/MAINTENANCEOFTHE FIBERPLACEMENTMACHINE
.ANDOTHERRELATEDADVANCEDCOMPOSITEEQUIPMENT

MONTHLY TECHNICAL STATUS REPORT

August 1999

1.0 INTRODUCTION

This report summarizes the technical program acnvmes on the Fiber Placement Machine

(FPM) Operations and Maintenance Project (Contract No. NASA-39749) for August
1999. The following paragraphs summarize the sib)nificant accomplishments during the

work period begirmmg in August. discusses recommendations for MSFC consideration.

and lists the upcoming work to be performed in _eptember 1999.

2.0 SUMMARY OF SIGNIFIC.-MNT ACCOMPLISI-D, IENTS AND EVENTS

Technical Directives -9! (Comuostte Elbow Ducts). --2 (X-33 Panels). and -33 (CBAT

Tank Projectl have been approved bv Justin Tidweii. Work orders wdi be assimaed and

the projects will proceed as directed. NASAyMSFC's Janice P. Burrough has been

assigned as the new Contracting Officer on the FPM Contract

Dispatched memo 37C0-FY99-t63:DMT stanng that the FPM Contract has one month

remaining until expiration and requesting that a period of performance extension and/or

bridge be considered to ensure the Technical Directives currently in work be allowed to
continue.

2.1 BASIC MACI-ILNE OPERATIONS

Laid-up and cured fiber placed panels i LM21C03-U._I- 16- l ).

The lay-up of eight-inch composite duct -3 was started. This duct wall consist of all 45 °-

angle plies for ease of manufacture. Barbara Frame and George Wrerm of Oak Ridge

National Labs v_sited and observe the lay up of composite ducts. They plan to lay up a

composite duct to be e-beam cured.

2.2 TECItNICAL DIRECTIVE STATUS

TD FPM-23 LIQUID ENGhNE COMBUSTION CtL_XlBER FABRICATION

Tape wrap and autoclave cure of 60K50 was completed. This liner was sent to 4705

machine shop for contour machining. Compieted dry. cvcte, overwrap, and oven cure of

60K44. 60K45.60K46. and 60K47. The shear pins were bonded to 60K39.

The effort to refurb_sia the metal hardware I flange. '7','C Ring. etc. ) :br the 60K L::ers has
been reauested by NASA.
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The number of compieted 60K Combusuon Chambers has grown to the point where

additional wooden ':ransport pallets" had to be fabricated tbr m-process units.

Approximately 20 additionai pallets were fabricated.

The GI2 samples for the "'Old" and "'New" resin bath were tested, q ,aere was no

significant difference between the G12 values for each set. Due to voids within the

double notch shear panel, only 5 samples were obtained for each condition. The 5

samples from the "'new" resin bath set fractured dunng installation into the test fixture.

More double notch shear samples have been machined and will be tested earn next

month.

RECOMMENDATIONS/GENERAL ACTIVITIES

Software

It is recommended that tke ta_e iavme software be ported to the Silicon Graphics
machine. Trainin_ on CATIA ana the r.ew Cincinnati Milacron AcraDiace software

should be vurchased to ensure .-..axtmum uniizatlon of the Fiber Placement ,Machines

capability..

UPCOMLNG WORK

FUNDED AND AUTHORIZED

TD I PRIORITY ]APPLICATION

FPM00 Low Basic Effort

I WORK ACTIVITY
t

Miscellaneous Composite
Fabrication

FPM23 I High k Liqmd Comb Chambers I Chamber Fabncauon & Bonding

Approved by: ;
A

/ / //_ _--
- _ ,,/'1/ _"

" _ 17 -¢ ,c"

J L. t/Pelham

Pro_am Manager
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OPERATION_IAINTEN,4aNCE OF THE FIBER PLACEMENT 3IACHZ-NE

AND OTHER RELATED ADV.-_NCED COMPOSITE EQUIPMENT

MONTHLY TECI-ENICAL STATUS REPORT

September 1999

1.0 INTRODUCTION

This report summarizes the techmcai program acuvities on the Fiber Placement Machine (FPM)

Operations and Maintenance Project (Contract No. NASA-39749) for September 1999. The
foUowmg paragraphs summarme the st_cant accomplishments during the work period

beginning m Au_tst. discusses recommendations for MSFC considerauon, and lists the upcoming

work to be performed in October 1999.

2.0 SUMMARY OF SIGNIFIC._NT ACCOMPLISHMENTS AND EVENTS

NASAw%ISFC's Carolyn Grmer has sv,nea _he reautred JOFOC for me Fiber Placement Machine

(FPM).

We received a contract extension th.rougn December i999. We pian to finattz, e our proposal for

added scope under FP.M-23 and subrmt it to NASA the tirst week of October. _nis proposal is

significant. Our proposal for tour additional units will also be subrm_ed.

2.1 BASIC MACHINE OPERATIONS

No sigmficam events - normal maintenance acuvities only were accomplished due to the high
workload on the Technical Direcnves.

2.2 TECHNICAL DIRECTIVE STATUS

"I'D FPM-23 LIQUID ENGINE COMBUSTION CHAMBER FABRICATION

The actuator rings, bellvbanas and exhaust support brackets were boncied on 00K41 and 42. The

attachment actuator nngs and bellybands were bonded on O0K43 and 44. 60K47. -.$. and 49 were
overwrapped and cured. 60K50 is awmrmg resolution or" flange refia.rbtshment issues: it will also

use the new resm bath. tf it is approved. 60K51.52. and 53 liners were rope wrapped and cured.

Tape wrapping of 60K_4.55. and 56 is scheduled to begin m October.

TD FPM-09 .ADVANCED COMPOSITE ISOGRID STRUCTURE

The machining of the foam mandrel was completed. The mandrel wlii be coated wire RTa,"
silicone rubber and filament wound in October.

TD FPM-31 EIGHT-INCH COMPOSITE DUCTS

4. -_.,=.le _iies.Eight-Inch Composite Duct =3 was laid u0 and cured. Y.:e duct ccv.s:sts otall :' ....
Fabrication of duct .--a wdl bemn in October.
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4.0

4.1

TD FPM-32 COMPOSITE PANELS FOR X-33 GTDP

All panels have been fiber placed and cured. The additional cure schedule has been increased
from tour extra hours to 18. Taese additional cures are scheduled to be completed the Arst week

of October.

TD FPM-33 CONFORMAL. CO3LMON BULKt_AD. A.EROGEL-INSULTAED T.-_NK

(CBAT)

It was decided to use Macrolite mandrels for this program. The M&P group m Utah wail be

assisting m mandrel fabncarion to transfer the technology to SEHO. The mandrel mold will be

fabricated by Smith Pattern and Tooling m Utah.

The 1/5 scale model wound using the poiar winder with Newport WDE-3D 12K (34700) has been
sectioned for thickness evaluanon.

-RECOMMENDATIO NS/GE NE1Z4,L ACTIXlTIES

software
It is recommended that the _:ee iaymg softavare be ported to the Silicon Grapmcs machine.

Training on CATIA and the new Cincmnan Milacron Acraplace software should be _urchased to

ensure maxmaum utilizat:on of the Fiber Placement Machine's capability.

UPCOMING WORK

FUNDED A.ND AUTHORIZED

"I'D

F'PM00

FPM09

FPM23

[:PM31

FPM32

FPM33

} PRIORITY

, Low

! Mcd

!High
I Med
i

I High

Med

i

APPLICATION

Basic Effort

lsogndStructures

Liqmd Comb Chambers

ConTooslteDucts

X-33 Faneis

Composite Combrmai

Aerogel Insulated Tank

WORK ACTIVITY

Miscellaneous Composite Fabncauon
i i

Fabricate cort_0site isom'Idstructure,
Chamber Fabrication & Bonding

Fabricate cotr_ost,te ducts
Fabricate composite panets and test

matenal propernes

Fabricate components

Approved by:

JohC/E. Krawlec
PrOg_ram Manager
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0PERATION/MAINTENANCE OF THE FIBER PLACEMENT .MACHINE

.-kiND OTHER RELATED ADVANCED COMPOSITE EQUIPMENT

MONTHLY TECtE_ICAL STATUS REPORT

October 1999

1.0 INTRODUCTION

This report summarizes the technical pro_am acnvmes on the Fiber Placement Machine

(FPM) Operations and Maintenance Project (Contract No. NASA-39749) for October

1999. The tbllowmg param'aphs summarize the significant accomplishments dunng the

work period beginning in September. discusses recommendauons for MSFC

consideranon, and lists the upcoming work to be pertbrmed in November 1999.

2.0 SUMMARY OF SIGNIFICANT ACCOMPLISHMENTS AND EVENTS

Fiber Placement Contract - ¢)ur revised proposals separanng work that can be comnteted
by 12/30/99 and work to be completed bevond 12.30/99 were submmed to the

contracung officer. Discussions were held w_th ,&e contracting officers concermng

receiving proper contract authorizanon to do work. NASA and Thiokol are working to

clean up the current contract as soon a possible. The tbllow-on contract will be

performance based. Thiokol was requested to provide recommendations as to how this

type of contract can be structured for the type of Technology Prom-ares we are involved
with.

2.1 BASIC MACF/aNE OPERATIONS

No significant events - normal maintenance activities oniv were accomplished due to the
high workload on the Technical Directives.

2.2 TECHNICAL DIRECTIVE STATUS

"I'D FPM-23 LIQUID ENGINE COMBUSTION CHAMBER FABRICATION

The overwrap for 60K50 was completed. 60K50 was the first chamber:nozzle to use a

refi.u-bished forward attach flange. It is also the first chambermozzle to employ the "'new"

resin bath. 60K Liners 54 and 55 are completed through the first machining. Bonding of

the actuator attachment nng and beilvband have been completed for 60K48. Shear bolts

were bonded to 60K41 and 42. The Organizational Work Instruction (OWI) for fabrication

of the L,vtex drain line and valve bracket support pads was released, k_xex drain line pads

tbr 60K41.42 and 46 were fabricated and bonded, k.;ex valve bracket support pads tbr
60K40 and drain iine brackets tbr 60K48 were fabncatec.

Fabrication of a siiica:phenolic test panel was initiated :o undergo tens_ie and adhesion
testing tbr the !incr.

"_"- The last (>OKliner :s scheduled to be taoe wra_pe(i 2: --_ beginning of .Novemi_er.
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TI) FPM-09 ADVANCED COMPOSITE ISOGRID STRUCTURE

Isognd structure _l ,_vassuccessfully fabricated.. -Fne 5.75-inch isom'_d #2 mandrel was
fabricated, machinec. :nd coated with RTV. NASA has mitiated the fabrication of the

18-inch foam mandrei.

TID FPM-31 EIGHT-INCH COMPOSITE DUCTS

Eight-Inch Composite Duct -,,4was laid up and cured. A 4-piy 24 inch panel was also

laid up w_th IM7/97--6 and autoclave cured with Duct r_. NASA has also requested a

12-inch long, t_vo-mci_ diameter. 4-ply tube made from IM7/97":-6.

TD FPM-32 COMPOSITE PANELS FOR X-33 GTDP

All fabric panels ana fiber .maced paneis and spemmens have been completed and
delivered. Work was be__un on the requested densl_', void. fiber content, and glass

transition temperature :esnn__ for the fabric and fiber _iaced panels.

TD FPM-33 CONFOR3IAL. COMMON BU-LKt-IEAD, AEROGEL-INSULTAED

TANK (CBAT)

The mandrel mold design has been completed and sent to Smith Pattern and Tooling tbr

fabrication. The desl_o-nof the cart. fixture tooling and skirt tooiing is continuing.

3.0 RECOMMENDATIONS/GENERAL ACTIVITIES

Software - It is recommended that the tape laying software be ported to the Silicon

Graphics machine. Training on CATIA and the new Cincinnati Milacron Acraplace
software should be curchased to ensure maximum utilization of the Fiber Placement

Machines capabiliu

4.0

4.1

UPCOMING WORK

Composite Panels rbr X-3-t- Thiokot has been asked to quote on fabncatmg I4

composite panels tbr :he X-34 progam. That quote was submit-ted.

FUNDED AND AUTHORIZED

TD PRIORITY .-UPPLICATION WORK ACTIVITY
i

FPM00 Low Basic Effort Miscellaneous Composlte

Fabrication

FPM09 Med Isom'_d Structures Fabricate composite _sognd
structure

FPM31 Med Composite Ducts Fabricate composite aucts

FPM32 High X-33 Paneis Fabricate :omposlte paneis and test
material _roDemes
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FPM33 Meci Composite Conformai Fabrlca_e components
Aerogei Insulated Tank j

FPM23 High Liqmd Comi_ Chambers t Chamber Fabncauon & Bonding

Approved by:

Jol_/E. Krawmc

Program Manager
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OPERATION/MAINTENANCE OF THE FIBER PLACEMENT MACHI_'E

._ND OTHER RELATED ADVANCED COMPOSITE EQUIPMENT

MONTHLY TECtLNICAL STATUS REPORT

December 1999

1.0 INTRODUCTION

This report summarizes the technical pro_am activities on the Fiber Placement Machine

(FPM) Operations and Maintenance Project (Contract No. NASA-39749) for December.

1999. The following param'aphs summarize the simaificant accomplishments during the

work period beginning in November. discusses recommendations for MSFC

consideration, and lists the upcoming work to be performed in January. 2000.

2.0 SUMMARY OF SIGNIFICA_N'T ACCOMPLISI_CIENTS AND EVENTS

Fiber Placement Contract - Modification -:5 to the Fiber Placement Contract tbr

$242,000 of incremental funding was simaed off. Modification 46 to the contract
extended it to January 14. 2000 in order to allow enough time to negotiate and finalize

the new contract.

Com__osite Panels for X-33 GTDP TD FPM-32: Work was completed on the density.,

void and fiber content and glass transition temperature testing for the fabric and fiber

placed panels. The results were mined over to NASA. This completes this task.

2.1 BASIC MACHINE OPERATIONS

No simaificant events - normal maintenance activities only were accomplished due to the

high workload on the Technical Directives.

2.2 TECHNICAL DIRECTIVE STATUS

TD FPM-23 LIQUID ENGINE COMBUSTION CHAMBER FABRICATION

CMM measurements were made for determining the thickness of the thermal protection

system over the exhaust duct support bracket tbr 60K35. The bonding operation is on
hold until hardware is available.

The overwrap of 60K53 has been completed and cured. Overwrap of 60K54 will begin

the second week of January 2000.

60K Silica Liner #56 has been removed from the Tape Wrap Mandrel and returned to

4705 for contour machining.
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TD FPM-09 ADVANCED COMPOSITE ISOGRID STRUCTURE

Fabrication of the composite isogrld #2 is complete. Isognd #2 has .250 in. high isoa'nds

while isownd #1 has. 125 in. high isogrids. The overwrap ofisomad #2 was ver_,

successful but the isoun-ids showed poor compaction in the hoop portions.

Foam billets were received for the t 8" isoerad mandrel. We are working on a cutting

plan for the foam billets.

TD FPM-31 EIGHT INCH COMPOSITE DUCTS

Eight-inch composite ducts #6 and #,7 have been thbncated and cured. Eight-inch

Composite duct #6 has been fabricated from IM7/EX-1522-5HS with +;-45 ° lay-up and

Eight-inch Composite duct #7 was fabricated from fM7/EX-1522-SHS with a .-'-45 ° lay-

up.

Machining of the flange holes was m_tiated. The completion is awmting the detiverv or

new diamond coated core drills. Tooling repairs were also started, with completion

awaiting the delivery of new bolts and inserts.

TD FPM-32 COMPOSITE PANELS FOR X-33 GTDP

Work was completed on the density., void and fiber content and glass transition

temperature testing _br the fabric and fiber placed panels. The results were turned over

to NASA. This completes this task.

"I'DFPM-33 CONFORAIAL. COMMON BULKHEAD. AEROGEL-INSULTAED

TANK (CBAT)

Work is continuing on the first stage of fabricating aerogel-insulated honeycomb test

panels for the Conformal. Common Bulkhead, Aerogel-insulated Tank (CBAT) pro)ecz.

TD FPM-33. The processing methodology is currently being modified to attempt to

eliminate an issue with bowing seen in previous panels.

MSFC has requested a "drape test" for IM7/8552-5HS. Scrap material was used to

determine the conformability of the 5HS fabric on a 36-inch spherical tool.

Drawings for the winding shaft and mandrel mold tapered plug were released and

provided to NASA-ED34 for determining cost and schedule for fabrication in the ,,t705

machine shop. Desigaa of the mandrel shaft, mandrel washout tooling, cart. fixture

tooling and skirt tooling is continuing. A preliminary, design review was held to

determine priority, and schedule. The schedule and praonty, will be updated as
fabrication details are finalized.
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3.0 REC OM_MENDATIONS/GENERAL ACTIVITIES

Software

It is recommended that the tape laying software be ported to the Silicon Graphics

machine. Training on CATIA and the new Cincinnati Milacron Acraplace software

should be purchased to ensure maximum utilization of the Fiber Placement Machine's

capability.

4.0

4.1

UPCOMING WORK

The work to complete this contract tbltows. It is hoped to complete the contract by

January 14, 2000,

FPM-09 - Complete the second 5.75-inch and the 1S-inch isownd structures.

FPM-23 - Complete fabrication of 60K#49. 50. 51.52. and 53 through ove_vrap

processing. Complete fabrication of 60K#53.54.55. and 56 through overwrap and cure.

Section tour combustion chamber nozzles for post test evaluation and hardware

reclamation. Refurbish one bellyband, one TVC ring, and five attach flanges.

F'PM-31 - Complete fabrication of three more composite elbow ducts.

FPM-32 -Complete the report

FPM -33 - Complete six panels. Complete the mandrel mold and tooling design.

FUNDED AND AUTHORIZED

TI) PRIORITY

FPM00 Low

FPM09 Med

FPM31 Med

FPM32 High

FPM33 Med

FPM23 j High

API_LICATION

Basic Effort

Isognd Structures

Composite Ducts

X-33 Panels

Composite Conformal

Aerogel Insulated Tank

| i

I WORK ACTIVITY

Miscellaneous Composite

Fabrication

Fabricatecompositeisognd
structure

I Fabricate compos!te ducts
Testang complete, complete the

report

Fabricate components

i

Liquid Comb Chambers i Chamber Fabrication & Bonding

Approved by:

// "

J.._.T<_-a_ec

Prom'am Manager
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OPERATION/MAINTENANCE OF THE FIBER PLACEMENT MACHINE
AN_D OTHER RELATED ADVANCED COMPOSITE EQUIPMENT

MONTHLYTECHNICAL STATUS REPORT

.lanuarv2000

1.0

2.0

2.1

9 9

INTRODUCTION

This report summarizes the tecn.ntcai pro_am acnvities on the Fiber Placement Machine

IFPM) Operanons and Maintenance Project /Contract No. NAS8-39749} for January'

2000. The following para m'aphs summarize the significant accompiishments during the

work period beginning :n December and discuss recommendations for MSFC

consideration.

SUMMARY OF SIGNIFICANT ACCOMPLISHMENTS ANq3 EVENTS

Fiber Placement Contract - -:e Fiber P!acement Contract was extended to January. --.
2000 in order :o allow _me :: r.eeot:ate and :2naiize '.he new contract. The :biiow-on

Fiber Placement Contract was s:.__,eci on Febr,-ara' i. 2000.

BASIC MACHINE OPERATIONS

No simaificant events - normai maintenance acnvmes only were accomtgiished due to the

high worktoad on the Technical Direcnves.

TECHNICAL DIRECTIVE STATUS

TD FPM-23 LIQUID ENGINE COMBUSTION CHAMBER FABRICATION

Bonding otthe exhaust duct support _racket anti the beii.v bancl was comnieted on o0KS'

and 60K52.

The overv, Tap or 60K54 has oeen comDieted and cured. Overwrap or 00K55 "'._ii beem

the tirst week of February 2000•

60K Silica Liner --.56 has been returned from contour machining in B4705. Ove_vrap of

it is on hold until a tor,,vard flange can be refurbished.

60K09 has been secnoned. l-he foravard flan_e will be refurbished the tirst week of

February, 2000 and used m the overwrap ofd0K56: 60K1S has been marked for

sectioning.

TD FPM-09 ADVANCED COMPOSITE ISOGRID STRUCTURE

Six I9" diameter foam disks '..,.ere machined and bonded toform the !9"" diameter _iltet

:'or the t S" foam mandrel. The i 8"" !barn mandrel was machined to shade and :he

isogrids machined into the surface. The isogrlds are 0.25" wide by' 0.25"" deep and

spaced approx_mateiv 5"" anart. However. due to the necessl_' to work on higher _-riorlt3"
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:a_ks. the 1S'" component couid not be :abncated..-Z.:is work wiiI have to be tasked

under the new contract for compiet:on.

TD FP.M-31 EIGHT INCH COMPOSITE DUCTS

The iM7/EX-i f22-SHS matenai was cut on the Gerber knife in preparauon rot

manufacturing the next duct. Fabricauon is expected to commence in early February.

.Machining of the flange holes for the first seven ducts _s complete. The tooiing was

reworked after resin flowed through the joints in the tooling and into the inserts. This

effort was completed late in the month on one toot and it will be used in ear[',' February

to restart fabrication of the ducts.

TD FPM-32 COMPOSITE PANELS FOR X-33 GTDP

Complete.

TI) FPM-33 CONFOILMAL. COMMON BULKHEAD, AEROGEL-tNSULTAED

TANK (CBAT_

The processing methodology Ibr the ',est panels has been modified. NASA, MSFC wtil
now send NASA/ARC the honeycomb without either :hce sheet bonded for the aerogei

processing. The face sheets will be bonded after the insulated honevcomb is returned to
NASA/MSFC. The warping effect was caused by a difference of CTE's of the

components: cool doyen after cure residual stress caused the panels to warp.

The face sheets Ibr the panels were t_bricated the week of January t0 and machined the
week of Janua_' [7. The honeycomb was sent to NAS,%'ARC :he week ot'Januarv i"

for the mcorporauon or"the Aerogei.

The "'dra_e test" for iM/,83,_-_HS reouested by .\ISFC was comnieted. [: ver:t_.ed their

model.

Design orthe mandrel shaft and manciret washout tooling has been compiete_. ,-R:-e

desigm of the can. fixture tooling and skirt tooling ts continuing. Intbrmanon for the
Macrolite ru matenat was received from Thiokol S&E in Utah. A technical interchange

is scheduled with them on February. 17 to facilitate exchange of that technology.

3.0 RECOMMENDATIONS/GENERAL ACTIVITIES

None: contract NAS8-39749 has been completed.

4.0 UPCOMING WORK

None: conrrac: NASS-39749 has Deen comnieted.
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4.1 FUNDEDANDAUTHORIZED

None:contractNAS8-39749hasbeencompleted.

Approvedby:

T. W. Dillard

Pro_am Manager


